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l^OTICE OF ORDINARY GENERAL MEETING. 



The SECOND ORDINAEY GENERAL MEETING of the 
"Twenty-Sixth Session of the Institution of Mining and Metallurgy 
iias been fixed for THURSDAY, FEBRUARY 16th, 1917, at 
5*30 o'clock p.m., and will be held, by kind permission, at the 
Booms of the Geological Society, Burlington House, Piccadilly, 
W, 

The following Papers, copies of which will be issued with the 
February Bulletin, will be submitted for discussion : 

The Wet Assay of Tin Concentrate. 

By H. W. HuTCHiN, Member, 

Hydraulic Tin Mining in Swaziland. 

By J. Jeryis Garrabd, Member, 



CANDIDATES FOR ADMISSION. 

The Council welcome communications to assist them in deciding whether the 
^ualipcations of Candidates for Admission into the Institution fulfil the require- 
ments of the By-Laws, 

The Application Forms of Candidates for Membership or Associateship will be 
open for Inspection at the Office of the Institution for a period of at least two 
months from the date of the Bulletin In which their applications are announced. 

The following have applied for admission since December 14th, 
1916:— 

"To Membebship — 

Gillio, Joseph John {Congo Beige), 

Mack, Augustus Charles {Kotchkar, Russia), 

"To Associateship — 

Thomson, Robert {R,E. Tunnelling Companies). 

To Studentship — 

Mosditchian, Brand Sarkis {Royal School of Mines, London). 

The following has applied for Transfer: — 
^o Associateship — 

Guttentag, Wilfred Emil {London), 



THB INSTITUTION OF MINING AND METAIiLURGT. 



MOVEMENTS OP MEMBERS. 

Members of the Institution ere Invited to send Informktion In regard to their 
movements to the Secretary for insertion under this heading, members visiting 
London are requested to register their addresses at the House of the institution, 
where the Library, Writing Rooms, etc., are at their disposaL 

Mr. Ernest B. Bawden, Assoc. Inst. M.M., has left England for 
Nigeria. 

Mr. John A. Dennison, M. Inst. M.M., has left England for the 
Transvaal. 

Mr. Edoab L. Edmonds, Assoc. Inst. M.M., has left England for 
Northern Nigeria. 

Mr. George H. Foster, Assoc. Inst. M.M., is returning to England 
from Borneo. 

Mr. J. T. Keating, M. Inst. M.M., has left England for the Gold 
Coast. 

Mr. W. Peering, Assoc. Inst. M.M., is returning to England from 
Northern Nigeria. 

Mr. J. Henry Bickard, M. Inst. M.M., has recently returned ta 
England from the United States. 

Mr. B. A. Busha, Assoc. Inst. M.M., has left England for Bolivia. 

Mr. W. J. C. ScRUTTON, Assoc. Inst. M.M., has returned to England 
from Venezuela. 

Mr. Ernest B. Woakf.s, M. Inst. M.M., has left England for South 
America. 



ADDRESSES LOST. 

F. B. Bradshaw, P. B. Hudson, 0. L. de Lissa, D. Nicholas, 
L. G. Bay, and J. F. Bichards. 
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Analysis of Copper: its Ores and Allots. G. L. Heath. New York: 
MoGraw-HiU Book Company. |8. 

*CoPPXB BSOOVBBT FROM ITS OrBS BT LxACHINO AND PbBOIPITATION, IN THB 

United States. J. D. Connor. Adelaide : South Australia Department of 
Mines. 

*6bolooical BfAP OF Mtsobb. Bangalore: Department of Mines and Geology, 
Mysore State. 

Handbook of Bock Excavation Methods and Costs. H. P. Gillette. New 
York : Clark Book Company. %5, 

* Investigation of the Coals of Canada with befebencb to theib economic 
QUALITIES. Extra Volume. — Weathxbino of Coal. J. B. Porter. 
Ottawa : Canada Department of Mines, Mines Branch. 

*MxNKBAL Besoubceb OF Mtsobe. W. F. Smoeth and P. S. Iyengar. 
Bangalore : Department of Mines and Geology, Mysore State. 3 rupees. 

*Mznebal Besources of the United States in 1915. Gold, Silver, Copper, 
Lead and Zinc in New Mexico and Texas, by C. W. Henderson. Gold, 
Silver, Copper, Lead and Zinc in Utah, by V. C. Heikes. Washington, 
D.C. : United States Geological Survey. 

*Bkview of Mining Operations in the State of South Australia for the 
half-tear ended June 30th, 1916. Adelaide: South Australia Depart- 
ment of Mines. 

*Stnop8is of Bulbs and Orders belatino to the Exploitation of Minerals 
in Mtsobb. M. Varadaiya. Bangalore: Department of Mines and 
Geology, Mysore State. 1 rupee. 
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BritiBh Coal'Tar Colour Indastrr and its 
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— Jnarnal, Royal Boeiety of Arts, Ijondon, 
Vol. 66, December 8, 1916, pp. 61-7S. M, 

Copper Leaching Test Plant at Winona.— 
E Queering and Mining Joamal, New 
Yorit, Vol. 1Q2, November 25, 1916, pp. 939-80. 
16c. 

Bzperiments on the Concentration of 
Raoinm in Camotite Ores. A. O. Loorais 
ajifd H. Sohlondt.— .Joornal of lodnstrial 
and Engineering Chemistry, New York, 
Vol. 8, November, 1916, pp. 990^. BOe, 



COAL — continued^ 

Udi-Okwoga Coalfield of Sonthern Nigeria. 
— Bulletin of the Imperial Institute, Vol. 
14, Jnly-September, 1916, pp. 809-78. 2$. 6d. 

Widening the Upcast Shaft at Tinsley Park 
Colliery. H. J. Atkinson. — Transactions, 
Institution of Mining Engineers, London, 
Vol. 68, Part 1, 1916-17, pp. 117-26. &». 

Working ont the Pillars at the Mohpani 
Mines by means of Packing; and a com- 
parison of the Wet and Dry Systems of 
Packing. F. L. G. Simpson.— Transactions, 
Mining and Qeologioal Institute of India, 
Calcutta, Vol. 11, Part 1, October, 1916, 
pp. 99-48. 4«. 



COAL. 

British Coal-Tar Colour Industry and its 
difBeulties in time of war. CM. Wbittaker . 
— Journal, Boyal Society of Arts, London, 
Vol. 66, December 8, 1916, pp. 61-73. 6ci. 

CoaI Mining in North Borneo. {Paper read 
before (Jm ^oMoaaZ Anoeiaiion of Colliery 
Mana§en.) W. Hopwood.— Iron and Coal 
Trades ReTiew,London, Vol.96, December 1, 
1916, pp. 674-6. 6d. 

Coedley Colliery, Olamorganshire. — Iron 
and Coal Trades Reriew, London, Vol. 98, 
December 8, 1916, pp. 698-6. M, 

Coat of Coal. (Paper read b^ore the Amgriean 
Minimg CoiifrM«, Itovembery 1916.) O. O. 
Smith and C. Ifi. Leaher. — Metallurgical 
and Chemical Engineering, New York, 
Vol. 16, December 1, 1916, pp. 681-6. ase. 

Economical Production and Utilisation of 
Power at Collieries. F. F. Mairet.— Trans- 
actions, Institution of Mining Engineers, 
Liondon, Vol. 69, Part 1, 1916-17, pp. 71-116 ; 
]97-4a 6f. 

Hnrlet Sequence and the base of the 
Carboniferous Limestone series in the 
districts of Campsie and Kilsyth. D. 
Ferguson. —> Transactions, Institution of 
Mining Engineers, London, Vol. 68, Part 1, 
1916-17, pp. 7-89. 6«. 

Prospects of the Carboniaation of Coal 
with By-product reoorery as a South 
African Industry. S. B. Bilborough. — 
Joamal. South African Institution of Engi- 
neers, johannwbnrg. Vol. 16, NoTcmbw, 
1916, pp. 68-69. 9>. 

Btmoture of the Soath Staffordshire Coal- 
field, with special reference to the con- 
cealed areas in the neighbouring fields. 
S. A. Newell Arberd — Transactions, Insti- 
tation of Mining Engineers, London, Vol. 
flS, Part i« 1916-17, pp. 86-70. 6s. 



COPPER. 

Britannia Mine and Mill. T. A. Rickard. 
—Mining and Scientific Press, San Fran- 
cisco, Vol. 118, November 11, 1916, pp. 
608-700. lOe. 

Copper Leaching Test Plant at Winona. — 
Engineering and Mining Journal, New 
York, Vol. 109, November 85, 1916, pp. 
929-80. 16e. 

Cupro-Nickel : its micro-structure. J . Scott. 
—Metal Industry, London, Vol. 9, De- 
cember 16, 1916, pp. 675-6. 4<i. 

Electrolytic Copper Refining.— Engineering 
and liining Journal, New York, Vol. 103, 
November 11, 1916, pp. 874-6. 15e. 

Electrolytic Refining of Copper. (Paper 
read b^ore the American Inetiiute of MetaU.) 
F. L. Antisell and S. Skowron ski.— Metal 
Industry, London, Vol. 9, December 1, 1916, 
pp. 692-4. id. 

Influence of Arsenic on Copper. F. 
•Tohnson. — Metal Industry, Lonoon, Vol. 9, 
Deoember 8, 1916, pp. 648-52. 4d. 

Mount Mudie Copper Mine, Kilkivan 
district. Queensland. E. C. Saint-Smith.— 
Queensland Oovemment Mining Journal, 
Brisbane, Vol. 17, October 14, 1916, pp. 
4808. 6d. 

Pinar del Rio Copper re|;ion, Cuba. R. H. 
Vail. — Engineering and Mining Journal, 
New York, Vol. 102, November 95, 1916, 
pp. 960-2. 16e. 



ECONOMICS OP MINING AND 
METALLURGY. 

Cost of Coal. (Paper read before the American 
Miwimg Congreee, Novembert 1916.) Q. O. 
Smith and C. E. Lesher. — Metallurgical 
and Chemical Engineering, New York, 
Vol. 16. December 1, 1916, pp. 681-5. 25e. 
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SCOMOMICS OP MINING AND 
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»ri^Ai]i*s interest therein. L. Urqohart.— 
-Jparnml, Rojal Society of ArU, London, 
Vol. 66, November M, 1916, pp. Sd^. M, 

^timatiDg Conttniction Cotte. F. W. 
^ooie.— Bngineerinc and Mining Joomftl, 
«ew York, Vol. IM, November 11, 1916, 
pp. 807-60. 16e. 

^^c«vpts from Mr. Joitioe Eve's Judgment 
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^ttining Magasine, London, Vol. 16, De- 
e«znl>«r, 1916, pp. 848-7. U, 

f^«^est Proflta Tax.— The Mining Magaiine, 
^naon, Vol.16, December, 1916, pp. 814-16. 

^^^x^lateral Right : shall it be abolished ? 
Si- R. Colby.— Mining and Scientiflo Frees, 
2^^ Francisco, VoL 118, November 11, 1916, 
»- 'm.4. lOe. 

^^en' Phthisis prevention. A. Cooper 
{^^y* —Engineering and Mining Journal, 
2?^ York, Vol. lOa, November 18, 1916. 
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^^^ndng Air-Drill Repair Costs. F. Aver. 
_ ^sigineering and Mining Journal, New 
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'^ 16«. 
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^m Now York, Vol. 109, December 2, 1916, 
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^^OLOOY AND ORE DEPOSITS. 

vomio Oeology of the Insixwa Bange. 
H. OoodohUd.— BnU. No. 147, Insti- 
ll *^<m of Mining and Metallurgy, December 

j^^ting in St. Ames district, Cornwall. 
.^1^^,^^. Fern.— The Mining Magasine, Lon- 
I Vol. 16, December, 1916, pp. 841-2. U. 

of the Shamva BClne.— The Mining 
London, Vol. 16, December, 
887-41, O. 8. Corstorphine ; 

I, F. P. Mennell. U.i 

S^^lst Sequence and the base of the 

V^^booifevoos Limestone series in the 

-^S^cts of Campsie and Kilsyth. D. 

^2>fnson. •— Transactions, Institution of 

JJJning Engineers, London, Vol. 69, Part 1, 

^>W-17,pp.7-«». 6». 
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On Ore Deposits. F. B. Ely.— Mining and 
Scientiflo Press, San Francisco, Vol. 113, 
November 11, 1916, pp. 689-91. lOe. 

Structure of the South Staffordshire Coal- 
field, with special reference to the con- 
oealed areas in the neighbouring fields. 
B. A. Newell Arber.— Transactions, Insti- 
tution of Mining Engineers, London, Vol. 
69, Part 1, 1916-17, pp. 86-70. 6$. 



GOLD. 

Geology of the Shamva Mine.— The MininK 
Magasine, London, Vol. 16, December, 
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pp. 848-9, F. P. Mennell. 1«. 

Gold Dredging in Yukon. — Canadian 
Mining Journal, Toronto, Vol. 37, November 
16, 1916, pp. 686-46. 16e. 

Greatest Gold Bfine. — Mining and Scientific 
Press, San Francisco, Vol. 118, November 4, 
1916, pp. 664-6. lOe. 

Milling of Gold Ores. J. MoCombie. — 
Mining and Engineering Beview, Sydney 
and Melbourne, Vol. 9, October, 1916, 
pp. 8-9. 6d. 



METALLURGY (General). 

Analysis of Tank Besistanoe in Electrolytic 
Beflning. L. Addioks. — Metallurgical and 
Chemical Engineering, New York, Vol. 15, 
November 16, 1916, pp. 666-71. 25«. 

Nevada Wonder Mill. A. C. Daman.— 
Engineering and Mining Journal, New 
York, Vol. 102, November &, 1916, pp. 927-8. 
16e. 

Precipitation on Zinc dust. F. Danvers 
Power.— Mining and Engineering Review, 
Sydney and Bielboume, Vol. 9, October, 
1916, pp. 10-11. M. 

Becliunation of Brass Ashes. A. F. Taggart. 
—Metal Industi^. London, Vol. 9, Novem- 
ber 24, 1916, pp. 607-9. id. 



MILLING ft CONCENTRATION. 

Advancement and present status of Prefer- 
ential Flotation. H. J. Stander.— Mining 
and Engineering World. Chicago, Vol. 45, 
November 18, 1916, pp. 861-4. lOe. 

Elmore Flotation Process. A. S. Elmore. — 
Mining and Scientiflo Press, San Francisco, 
Vol. 118, November 18, 1916, pp. 735-7. lOe. 

Importance of efflcient settling of Slime. 
P. W. Avery .^Mininv and Scientific Press, 
San Francisco, Vol. 118, November 18, 1916, 
pp. 788-42. (100. 
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Mining Congrees; ChioftgoMeet- 

., November 18-16, 1916. ^Mixung and 
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3^6,pp.905-15; 9M9. lae. 
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S916, pp. 108-18. U, 
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Pettibone. — Engineering and Mining Jonr- 
Dsl, New York, Vol. 102, December 2, 1916, 
pp. 966-7. 16e. 

Trip through Honduras. D. Mcfiride. — 
Engineering and Mining Journal, New 
York, Vol. 102, November 11, 1916, pp. 
861-4. 16e. 

Widening the Upcast Shaft at Tinsley Park 
Colliery. H. J. Atkinson. — Transactions, 
Institati<m of Mining Engineers, London, 
Vol. 59, Part 1, 1916-17, pp. 117-26. 6$. 
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Queensland. B. Dunstan. — Queensland 
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Vol. 17, October 14, 1916, pp. 475-8. 6d. 
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Boott. — Metal Industry, London, Vol. 9, 
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Effect of Cadminm in Alloys. G. C. Stone. 
—Engineering and Mining Journal. New 
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16s. 
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2«.6d. 

Potash-bearing minerals of California. 
H. Lang. — Mining and Scientific Press, 
San Francisco, Vol. 118, November 4, 1916, 
pp. 665-7. lOe. 
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DISCUSSION 

ON 

^ The Eoonomio Geologry of the Insizwa Range,' 

By W. H. OooDCHiLD, Mimber, 

Mr. W. H. GOOdohlld, in introducing the paper, exhibited 
and described a series of lantern slides. Among these were a 
number of geological sections and plans illustrating the peculiar 
curved outlines of the intrusions in the Mount Ayliff district ; 
their habit of cutting across the sedimentary rocks without dis- 
turbing the horizontality of the stratification planes ; the manner 
in which the picrite differentiate occurs as central tapering masses 
in the thicker portions of the sheets, the masses being surrounded 
by olivine gabbro or some more acid variety of gabbro ; the struc- 
ture of the Insizwa Range at several widely separated points and, 
for comparison, the general form and structure of the somewhat 
similar Tabankulu Range. Slides of the undulatory sheets on the 
Queenstown district of South Africa were shown illustrating the 
morphological similarity of these to the intrusions in the Mount 
Ayliff district. 

A number of slides were also shown amplifying the petrographical 
sections of the paper and a figure taken from Bowen*s paper on 
* Crystallization Differentiation in Silicate Liquids ' illustrating 
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the early formation of olivine crystals and the sinking of these 
in the fused silicate liquid, thus firmly establishing on a ptrong 
experimental basis the view that the analogous structures shown 
in the field are primarily a result of crystallization differentiation 
in ntu during the cooling of the magma. 

The origin of the basin shape, concerning which he had put 
forward the suggestion that the undulatory character of the sheets 
resulted from the sediments being in but a partially consolidated 
state at the time of injection, was a section introduced into the 
paper more on account of the possibly wider economic interest of 
the subject than of any special bearing on the specific economic 
prospects of the Insizwa Range. It was a matter of wide interest 
since argillaceous sediments are by far the most common type of 
sedimentary formation, and it had been estimated by such an 
authority as Dr. F. W. Clarke, that some 80 per cent, of the world's 
sedimentary rocks are argillaceous. In South Africa alone, the 
Karroo beds, in which many examples of these peculiar undulatory 
injections are already known, cover an area of not less than a 
quarter of a million square miles. The tendency towards central 
concentration of the ore minerals in the basins, coupled with the 
fact that it is these parts of the sheets that, generally speaking, 
tend to persist after the other parts have been removed by erosion, 
suggests the possibility of the existence of hidden orebodies of 
magnitude in situations where their occurrence might otherwise not 
be suspected. This aspect of the question invests the problem of 
the causes of the undulatory' character of the sheets with a practical 
interest for the economic geologist that it would not perhaps 
otherwise possess. 

Similarly, too, small microgranite veins are quite a common feature 
of the contact zone of basic injections into argillaceous sediments, 
and their mode of origin and relationship to the mineralized or 
unmineralized portions of differentiated sheets, is a matter of more 
than local interest. 

He would mention a mineralogical curiosity, viz., that in the con- 
tact veins there sometimes occurred little grains of metallics em- 
bedded in the sulphides. These grains were composed of about 
two-thirds nickel, 5 to 6 per cent, copper and iron, and the balance 
was principally gold and silver. It was a naturally occurring alloy 
to which he could find no parallel anywhere else. The nearest 
approach appeared to be some grains of so-called amalgam of 
nickel, gold and silver reported as occurring in some alluvials in 
Santo Domingo, but whence these grains were derived no one 
led to know, and there was very little information available 
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concerning them. The comparison between the two occurrences 
seemed to him to be sufficiently suggestive to be worth recording. 

The sulphide veins showed the most extraordinary variations in 
their contents, and how these variations were brought about was a 
complex geo-chemical problem of great interest, having regard to 
the collateral evidence as to their general mode of origin. He 
^ould mention that a sample of sulphide ore recently assayed ran 
close upon 6 oz. gold, 4 oz. platinum, and about 1^ oz. palladium 
per ton. How the platinum occurred he had so far been unable 
to determine. It appeared to be in a different state from the 
platinum in the Sudbury ores. He concluded by saying that there 
i^as nothing more than a distant geological similarity between the 
Insizwa and Sudbury occurrences, although Insizwa had on several 
occasions been dubbed * The Sudbury of South Africa.* 

Mr. T. Crook said he was sure that Mr. Goodchild's paper 

^vould be welcomed by all students of ore-genesis as a very useful 

account of the nickcliferous pyrrhotite deposits of the Insizwa 

Bange. The paper was one that had evidently involved a great 

<leal of painstaking labour and careful study, and contained a lot of 

very interesting petrological detail. 

The more important features of the data given by Mr. Goodchild 
tad already been given by Dr. du Toit of the Union Geological 
Survey, who had written good accounts of the general and economic 
geology of the Insizwa Bange and the neighbouring areas in this part 
of the Cape Province. As regards the main features of the petrology 
of the sills of this area, Mr. Goodchild appeared to be in agreement 
^ith Dr. du Toit. The points of difference were points of com- 
paratively unimportant detail from an economic standpoint, except 
^at Dr. du Toit, though not by any means pessimistic as regards 
^^ture mining possibilities, was less buoyantly hopeful than 
^Ip. Goodchild. Mr. Goodchild seemed to be quite positive in his 
^^e-w that there would be an accentuation of the ore-bearing picrite 
^otxe towards and at the middle of the basin. 

This optimistic view was based on the theory that the nickcliferous 

pyii'hotite had arisen by a process of segregation along the floor of 

^Q sill during the crystallization of the norite magma, and that the 

particular process involved was one pf differentiation after intruh^ion. 

According to this theory the igneous matter of the sill was injected 

^^ a homogeneous fluid state, and during cooling, the olivine and 

ore minerals, which separated out first, settled, by virtue of their 

Ugher density, towards the base of the sill. Mr. Goodchild added 

ttie farther inference that the basin-shaped depression, which 

developed contemporaneously with the intrusion, allowed the ore- 
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minerals to gravitate towards the middle of the depression, where 
they might therefore be expected to form a thicker and richer mass 
of ore than was to be found around the edge of the basin. It 
should be pointed out, however, that Mr. Goodchild assumed 
rather than proved that the warping of the shale beds preceded 
differentiation. 

With reference to the general question of magmatic segregation, 
Mr. Goodchild's paper appeared at an opportune moment, seeing 
that there had recently been a revival of the controversy with regard 
to the origin of the nickeliferous pyrrhotite deposits of Sudbury 
in Ontario. For many years it had been the predominant view 
that the Sudbury deposits owed their origin to segregation from a 
norite magma, and this view had been and still was held very widely 
with reference to deposits in other parts of the world. It rested on 
a formidable array of tectonic and petrological evidence of a 
strongly convincing character ; and the arguments based on micro- 
scopical observations, that were brought against it some years ago, 
were altogether too weak to overthrow it. Even admitting, as had 
been recently claimed, that the granitic floor of the Sudbury norite 
stood in intrusive relation to the latter in some places, it did not 
follow that the orebodies did not arise by segregation from the 
norite magma. It might well be that the ore deposits owed some of 
their peculiarities to later granitic intrusions, but it was difficult to 
believe that these intrusions brought the ore with them. 

In considering the Sudbury case, one did well to keep in view 
the noritic orebodies of nickeliferous pyrrhotite occurring in other 
parts of the world. There was a petrological family likeness among 
them, and the evidence of magmatic segregation from a norite 
magma seemed on the whole to be conclusive. In the Insizwa 
instance, at any rate, the conditions appeared to have been com- 
paratively simple, and it was difficult to see what reasonable alterna- 
tive there could be to this theorj\ 

When, however, they came to consider exactly how the differentia- 
tion took place, there was perhaps room for some difference of opinion. 
One might reasonably decline to accept the view that the process had 
been one of gravitative differentiation from a sill of magma injected 
in a homogeneous condition. What was the exact meaning of the 
band of picrite 500 ft. above the base of the sill ? What about the 
flow-banding which Mr. Goodchild openly admitted ? The sharp 
demarcation between the picrite and norite was suggestive of an 
explanation different from that given by Mr. Goodchild. There 
appeared to be nothing like a regular increase in basicity towards the 
floor of the sill, and the irregularities appeared to be too serious to 
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f&voar the theory of differentiation from a magma injected in a 
homogeneous condition. Moreover, the relation of the picrite zona 
to the norite and homfels seemed to be of a transgressive character 
in places ; and there appeared to be evidence in some parts of these 
!Pondoland basins that the picrite did not floor the whole of 
the basins. 

On these considerations it seemed possible, or even likely, that 
tlie magma of the Insizwa sill was heterogeneous, i.e., in some 
ixieasure already differentiated, at the time of injection. It seemed 
possible that the picrite might have been injected at a later stage 
^han the main mass of the sill. Even if this be denied for the sill 
SLS a whole, it might still be true of any given part of the sill, since 
^he picrite layer might have been affected by movement durin<^ the 
lafit stages of consolidation. These possibilities merited discussion, 
since they obviously had an important bearing on the question of 
ore- potentialities discussed by Mr. Goodchild. 

It was not necessary to assume that sills and laccolites gaped as 
t;he resolt of only one stage of movement. Much of the evidence 
available oonceming the petrology of sills indicated that they had 
opened up in a series of stages, and that the process of intrusion 
luad covered a long-enough period to allow of differentiation before 
C3r during injection. 

With regard to the condition of the homfels beds just prior to 
intrusion, he (Mr. Crook) was inclined to agree with Dr. du Toit 
tibat titey were probably in the condition of shales rather than 
yK^t clays, since the nature and extent of the metamorphism 
saggested that they were buried at considerable depth at the time 
of introsion. At least they had probably suffered from a con- 
^derable measure of compacting prior to the intrusion of the 
9K>rite, aad Mr. Goodchild's estimate of their porosity seemed to be 
father excessive. For that reason he (Mr. Crook) could not 
«gree with Mr. Goodchild that the volume relation of the sills to 
tube diale beds had anything to do w%th the porosity of the shales 
iprior to intrusion. 

Mr. Goodchild's views on the origin of the microgranite veins 
^were very interesting, but he (Mr. Crook) found it hard to believe 
that these mierogranites were fusion products. If, in spite of the fact 
that it contained the fluxing ingredients referred to, the hornfols 
did not melt when the magma was exerting its full thermal effect, 
wl^ sboold it melt after the magma had become consolidated ? He 
agieed with Mr. Goodchild that the assimilation of the hornfels, 
and subsequent differentiation, was perhaps not the best explanation 
of the mode of formation of these veins. But he felt sceptical towards 
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the view that they were products of ' supennetamorphism ' by 
'fluxing action. It seemed much more probable that they were 
Que to exudation of solutions during the last stage of cooling. In- 
deed, Mr. Goodchild*s views as to the absence of solution phenomena, 
both as regards the microgranite and the sulphide veins, seemed 
rather extreme, and it would be interesting to know exactly what 
had driven him to the conclusion that fluxing of the sulphides 
'and the hornfels was necessary to explain the origin of these veins. 
The absence of the cobalt estimations in the analyses given by 
Ikf r. (loodchild was a noticeable feature. Did this mean that cobalt 

• 

Was absent, or was any cobalt that might be present included in the 
nickel percentages given ? 

The platinum question was one of importance from the economic 
point of view, and one on which it would be useful to have more 
details. If he remembered rightly, flotation experiments had been 
carried out on the ore, and it had been found that the platinum did 
not concentrate with the sulphides. Had that result been con- 

^ firmed ? If so it seemed to be a serious matter from an economic 
standpoint. He would like to know if any matte-smelting experi- 
ments had been carried out, and, if so, what results had been obtained 
as regards the recovery of platinum, palladium and other possible 
by-products. Any information that might be available as to the 
rei^ults of mechanical concentration trials would be of great interest. 
With reference to the behaviour of the compass-needle in certain 
areas where its violent agitation might be due to hidden masses of 
pyrrhotite, it might be well to keep in mind the fact that basic 
igneous rocks sometimes showed strong magnetic polarity, pre- 
sumably owing to the presence of magnetite disseminated in an 
orderly manner through the mass of the' rock; and small as 
appeared to be the amount of magnetite in the Insizwa rocks 

' generally, the possibility of slight local segregation of this mineral 

' could not be ignored. 

It mattered little perhaps, from an economic standpoint, what 
view one took as to the causes that led to the intrusion of these 
inime^se basic masses in the Karroo beds of Pondoland and other 
p^drt's of South Africa ; but it might be doubted if the melting of 
^the South African ice cap' furnished an adequate cause. Many 
would prefer to think that the superficial agencies involved were of a 
much' more' complex character, and that they were further com- 
plicated by interplay with agencies operating deep-seatedly and 
independently during the break-up of the Gondwanaland continent. 
At any rate the efiect of these agencies probably spread far beyond 
the limits of South Africa, and compared with the huge earth- 
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waves to which they gave rise, the ejQfect of the melting of sai ice 
cap mast have heen a mere ripple. . u 

■ Mr. Goodchild was to be congratulated on the comprehensive 
way in which he had tackled the problems presented by the09 
insizwa deposits. There was clearly need of continuous petro- 
logieal work in connexion with mining development in deposits of 
this character, and if this development was to proceed successfully 
in the Insizwa area, it seemed necessary that the economic im- 
portance of petrological work, such as that presented in lii\ 
Goodchild's paper, should be fully recognized. 

Mr. J. Morrow Campbell said that many members must 
be pleased that the author had given such an able description of ra 
most interesting deposit. The paper was of a type which man|r 
would like to see multiplied in the records of the Institution. Quite 
apart from the work which had beten done in the field, it was only 
people who had done petrological work who knew the vast amoiuit 
of labour which the paper must have involved in the laborc^toiry 
subsequent to the field work. ■.. ii 

He had not many remarks to make, but the author^s explanation 
of the basin -like form of the Insizwa gabbro sheet seemed to him 
somewhat bold. The thickness was given as something under 
2000 ft. to over dOOO ft. Its average dip inwards at the outer 
contact was given at 30"; but the total depth of the inside. o£, the 
basin above its edges was not stated. 

On p. 6 the author stated : * It thus stands in a crOss-cuttiog 
relation to the bedding planes of the encasing sedimentary rock8, 
and is not truly laccolithic in origin.' Did its variation from aitrue 
laccolite consist in the intrusion cross-cutting the sedimentaries and 
not passing laterally along the bedding planes ? That was not 
explained. True laccolites were typically lenticular in form, and 
one could not reasonably expect them to be otherwise. Such an 
assumption as the author's had not been considered necessary to 
' explain what practically required no explanation, viz., the convex 
form of the lower surface of a laccolite. 

The compressibility of the underlying sediment, owing to lack of 

rigidity at the time of the intrusion, seemed to be assumed without 

adequate evidence, especially if the sheet was not truly laccolithic 

in origin. 

' On p. 27 that argument was followed up by the assertion that the 

total thickness of the sheet corresponded to the contraction- in 

< volume that would result from the compression of the total thick - 

. ness of the beds in the Ecca and Beaufort series on the basis of the 

average porosity of clay. 
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He did not know the thickness of those series, but on the basis of 
the author's figures and the quotation from Mr. du Toit on p. 27^ 
they must amount to from 6000 to 10,000 ft. in thickness. Was ii 
reasonable to suppose that that great thickness could be compressed 
to its maximum possible extent during the period of intrusion of 
the gabbro ? That that period of intrusion was not very prolonged 
must be assumed from what the author said on p. 26 : ' The 
evidence does not seem to point to any ver}' extensive assimilation 
of the invaded sediments by the magma, but a limited amount of 
marginal assimilation is indicated/ 

A highly basic rock intruded ver}' slowly into a zone of decidedly 
aoid sediments would undoubtedly assimilate much of the latter. 
The general presence of hydrous silicates in the homfelses in the 
neighbourhood of the intnisive could hardly be regarded as giving 
any support to the theory that the clays were not consolidated at 
the time of the intrusion, because all such sedimentary' strata, even 
when consolidated, contained quite enough water to account for the 
formation of hydrous silicates under such conditions. 

The author's assumption of magmatic segregation under low 
pressure conditions rendered it difficult to accept his theory of 
hydrostatic head and plastic sediment in explanation of the fanasin 
formation. A great mass of superincumbent strata with high in- 
trusive pressure might be more convincing. 

The evidence adduced regarding the order of crystallisation of 
the sulphides in the Insizwa gabbro, which showed it to be a 
reversal of the order that had been proved both in the Norwegian 
and Canadian deposits, was most interesting, but he was afraid it 
only served to make them doubt the extent of their knowledge of 
the behaviour of molten magmas on solidification. 

In pegmatite, tourmaline was supposed to separate first, and 
usually did so, yet he had seen a well-formed quartz crystal partly 
enclosed within a large tourmaline crystal. 

As the author had brought a considerable amount of evidence to 
support his assumption that the magmatic segregation took place 
under comparatively low pressure and, therefore, at only shallow 
depth, it was as well to take notice of the fact mentioned on p. 18 
that in a hornfels collected by Mr. du Toit blue tourmiUine was 
found. That would point rather to cooling at considerable depth. 

Again, on p. 18, biotite was said to abound in the homfelses 
and white mica was also found. Micas were charaotorisiic of 
rooks cooling at considerable depth under pressures sufficient to 
prevent the water which was essential to their formation being 
given off. 
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Of course, the depth already given might have been sufficient for 
th&t purpose, but it was almost certain that it would not be sufficient 
to promote the formation of tourmaline. In the matter of gravita- 
ti ve segregation, when one came to consider the enormous thickness, 
certainly up to an average of 2000 ft., and being as much as 
3CKK) ft., they found in the upper part of the deposit no olivine, 
and as they approached the lower parts they found large quantities 
of olivine. That was supposed to have segregated and gravitated 
during the period in which that rock was in a molten condition in 
'^tttt,. It seemed to him somewhat a large order for crystals of that 
description to sink that enormous depth, and the fact that that 
length of time was demanded for such a purpose was rather con- 
tradicted by the period in which the absorption of the surrounding 
sedimentaries took place. 

There was also a minor matter. On p. 81 he found the btate- 

toent that the rate of sinking of a crystal in a molten magma was 

directly proportional to the square of its semi-diameter. Why 

^^emi-diamet-er * and not * diameter ' ? The latter was simpler 

^^^d of the same value, since the ratio a^ : b^ was the same as 



im^'. 



There was another little matter which was rather important. 
*- *ie word * micro-photograph ' was repeatedly used when * photo - 
**iicrograph * was meant. These two words were not synonymous. 
-^ticro-photographs were merely photographs of microscopic size. 
^hey were sold as souvenirs in such places as the Giant's Causeway 
^lid Niagara Falls. A photo-micrograph was a photograph of a 
^^Xiall object enlarged by the microscope and might be of any 
Convenient size. The difference was quite material, and certainly 
^"•o petrologists should call a large photograph of a very small object 
*^y the name proper to a very small photograph of a large object. 

Mp. H. p. Collins said there was one little point on which 

b« would like some further information from the author, namely 

^vith reference to the micro-granitic dykes or stringers for which he 

Suggested an origin similar to that of the sulphides themselves. 

I-f he understood the author rightly the suggestion was that just as 

the sulphides were squeezed out from certain sections of the magma 

^>ecause they were fusible, so the material forming the micro - 

p^matite was squeezed out from other sections of the magma as 

bebg the more fusible portion. 

He understood the author to argue that in districts where there 
were those micro-pegmatites, exploration or investigation work to 
look for sulphides was hardly indicated as probable, because the 
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micro-pegmatite was the most fusible material present in that 
particular zone and not the sulphides. 

He would like to point out this. The author mentioned speciBjiy 
with regard to those dykes that their boundaries were sharp *^* 
well-defined where they cut the gabbros, and he could not uti^f^' 
stand how the micro-pegmatite could be a more fusible mat©^^~ 
than a gabbro. It could not possibly be. It was far more silicoo^ 
and therefore less fusible than the more basic material. 

Kocks in general were more fusible the more basic they w^^- 
The analysis in Table I showed the micro-granite was distinctly * 
more siliceous material and therefore less fusible, not only tik*'^ 
the gabbro but than the hornfels itself, and he could hardly cono^"^^® 
how the squeezed out origin supposed by the author could prol>^^v 
account for the occurrence of those micro -pegmatite stringers ^^ 
dykes. They were no doubt proper dykes, but it did not &^^^ 
sufficient to assume for their origin the fact that their consfeibix^^^ 
material could have been under any circumstances the most fas^ "^'^ 
part of the underlying magma. Possibly they were later intrusi^^^^ 
from a separate and more deeply seated magma, but in any €^^^ 
they could hardly have been simply injected or squeezed ^3^* 
because of the greater fusibility of the material of which they -w^'^ 
composed. _ 

Mr. W. H. Trewartha- James congratulated the Institat-^^^ 
and the author upon the presentation of such a very able paper- 
He had risen for the purpose of expressing the hope that tl»- ^^ 
who were not present that evening would not fail to contribute 
they could to such a very important discussion ; they were extrerC*- ^^^ 
grateful to those gentlemen who had spoken already, and who fc*-*" 
given such an able insight into the critical points involved. 

The suggestion that in all probability in the deeper strata tt^ ^^^ 
was considerable accentuation or concentration of the minerals '^^^'f^ 
one of profound importance, and from his point of view it YfO ""-^ 
perhaps add to the value of the paper if the author stated \V^^ 
methods could best be adopted to prove or disprove that the^^^^' 
what would be the approximate cost of doing so, and perhaps , x 

could forecast or express his opinion as to what probably mi^^ 
be expected to happen if such an enrichment had taken place^ ^^ ' 
in other words, to give an approximate estimate of the tonri^^^ 
and mineral value he expected to find. _^ 

From a very hasty glance at the paper it struck him that * — ^ 
mineralization of that mountain range had been very careftx-^ j 
studied, although it appeared to be so small as to be of doubt/^^^ 
commercial value at the present time. The author's interesti^^^ 
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enrichment at depth, made out a prima facie case for 
ther work ; but one would want to know if the author 

into consideration what methods could be proposed for 
' disproving that theory, and what it would cost to do so. 
. object in rising was to congratulate the author on the 
:>n of such an able paper, and to express the most earnest 
those who could contribute to the discussion of such an 
subject would not fail to do so. He trusted they would 
y full discussion on the subject, in writing. 
resident asked the author the distance of the Insizwa 
m the great Drachensburg Range, and the relation of the 

formation of the Insizwa Range to the other; also 
lere wore any similar, though perhaps smaller, instances 
jet formation in any other part of South Africa. 
3d to him that the fact brought out by the paper and the 

as to the natural or geological concentration of the 
iras in itself sufficient to make the paper most valuable, 
?hich might well suggest further investigation on the 



& Goodman, Ltd.. Printers, 124, Fenchurch Street, London, E.C. 



ZTi*^*' 



l-^-' 



'^he Institution of fining and ^dallnrgg. 

(flMimlMl 1898 — Incorporated by Royal Charter 191S.) 



VnlUtht Ho. 149. 



February 5th, 1917. 



List of Contents. 

Oonnoil and Officers ••• 

NOTICE OF MEETING ON FEBEUAEY 15th, 1917... 

The following Papers, copies of which are attached hereto, will 
be fubmilted for discassion : 

The Wet Assay of Tin Concentrate. 
By H. W. HuTCHiN, Member, 

Hydranlic Tin Mining in Swaziland. 
By J. Jebvis Garrard, Member, 

Addresses Lost 



Candidates for Admission 

Ifovements of Members 

Index of Recent Books 

Index of Becent Papers 

Supplementary List of members of 
with His Majesty's Forces 



the Institution serving 



Killed in Action (Supplementary List) 



PUBUSHSD BT 

Ctre iitstittition of ffixmn% anil #etaUttr0s, 

Mo. 1, FINSBUBY OIBCUS, LONDON, E.G. 



2 



THE mSimiTION OF lUNUta AMD MBTALUHKIT. 



LIST OF THE OFFICERS 

or 

C^e Jnstttntton of Sfltning anb ^etallur 

1916-1917. 



John H. Cordneb- James. 
F. W. Harbord. 

G. T. HOLLOWAT. 

JPtmbirg 
B. GiLMAN Brown. 
John Caduan. 
H. C. H. Carpenter. 
T. C. Cloud. 
b. e. coumanh. 
Arthur Dickinson. 
W. B. Fbldtmann. 
Sir BoBERT A. Hadfirld. 
J. A. L. Henderson. 
Sir Thomas Henbt Holland. 
E. W. Janson. 
Malcolm Maclarbn. 
Hugh F. Marriott. 
J. C. Moulden. 



f ref ibcnt : 
Edoar Taylor. 

9icf- prtitbf nil : 



Edward T. McCabtht. 
Frank Merricks. 
HuMPHRBT M. Morgans. 

of Contutl: 

Beoinald Pawle. 
Abthub L. Peabsb. 
Abthur £. Pbttit. 
Hugh K. Picabd. 

A. L. Simon. 
S. J. Speak. 
Chablbs H. Stbwabt. 

B. Abthur Thomas. 
W. H. Trbwartha-Jammb. 
S. J. Truscott. 
Stephen Yitian. 
W. Fischer Wilkinson. 
Ernest B. Woakes. 



Hennen Jennings. 
W. Freoheyille. 
William Gowland. 
Alfbed James. 
Edgab Taylor. 



tfx-offido members of ConnrU : 
{Past- Presidentt.) 

H. Livingstone Sulmam. 

Edward Hooper. 

F. H. Hatch. 

Sir Thomas Kirkb Bosb. 

Sir B. A. S. Bedmaynb. 



ftiniteei : 
Edgab Taylor and Benedict Kitto. 

Jfon. ftreajBorer: 
Edgar Taylor. 

i^oltntor : 
Sir Frank Crisp, Bart. 

9on. Cee^mctl ^bttori : 

S. Herbert Cox. | William Gowland. 

F. H. Hatch. 

^ankeri : 
The Union or London and Smiths Bank, Limited, 50, Cornhill, E.C. 

^nbUoti : 
Messrs. Woodthorpb, Bbvan A Co., C.A., Leadenhall Buildings, E.G. 

fitattmy snb €bttot : 
C* McDebmid, 1, Finsbury Circus, E.C. 



BUIiLETIN NO. 149. 8 

The SECOND ORDINARY GENERAL MEETING of the 
Twenty-Sixth Session of the Institution of Mining and Metallurgy 
will be held, by kind permission, at the Rooms of the 
Geological Society, Burlington House, Piccadilly, W., on 
THURSDAY, FEBRUARY 15th, 1917, at 5.30 o'clock p.m. 

The following Papers, copies of which are attached hereto, 
i¥ill be submitted for discussion: 

The Wet Assay of Tin Concentrate. 

By H. W. Hdtchin, Member. 

Hydraulic Tin Mining in Swaziland. 

By J. Jebvis Garrard, Member, 



The Council invite written contributions to the discussion 
of Papers from any members who may be unable to be present at 
the Meetings of the Institution. 



Tea, Coffee and Light Relreshments wiU be provided at 6.0 p.m., 
^or members and visitors attending the Meeting. 



Note. — The dates of succeeding Meetings will be announced in 
•due course. 



ADDRESSES LOST. 

F. B. Bradshaw, P. B. Hudson, O. L. de Lissa, D. Nicholas, 
and J. F. Richards. 



THE IKSTITUnON OF MINING AND METALLUB(IY. 



CANDIDATES FOR ADMISSION. 

The Council welcome communicMtions to ttuist them in deciding whether th& 
qualiflcations of Candid itea for Admission into the Institution fulfi the require- 
ments of the By-Laws, 

The Application Forms of Candidates for Membership or Associateahlp will b& 
open for inspection at the Office of the Institution lor a period of at least two 
months from the date of the Bulletin In which their applications are announced. 

The following have applied for admission since January llth» 
1917:— 

To Membebship — 

Jones, John Evans (Johanntsburg^ Transvaal). 

To Studentship — 

Grut, Leslie de Jersey (Melbourne^ Victoria), 

The following have applied for Transfer: — 

To Membebship — 

Stokoe, John Calvert (Chin Mine, South lihodesia). 

To ASSOCIATESHIP 

Barrett, Victor Holmes McNaghten {Randfonteiny Ttamraal). 
Leighton, Frederic William [WootUm Bassett, Wiltshire), 



MOVEMENTS OF MEMBERS. 

Members of the Institution are invited to send information in regard to their 
movements to the Secretary for insertion under this heading. Members visiting 
London are requested to register their addresses at the House of the institution^ 
where the Library, Writing Rooms, etc., are at their disposal. 

Mr. F. W. LiNCK, M. Inst. M.M., has left England for Tavoy^ 
Burma. 

Mr. F. J. Mautin, Assoc. Inst. M.M., is returning to England from 
the Stniits Settlements. 

Mr. E. F. Petersson, M. Inst. M.M., has left England for Spain. 

Mr. G. Preuaiont, M. Inst. M.M., has left England for Bolivia. 

Mr. Arthur J. Hitssell, M. Inst. M.M., has left England for the 
Republic of Colombia. 

Mr. Sydney A. R. Skertchly, M. Inst. M.M., has returned to 
England from Peru, 



HTLLKTJN NO. 119. T) 



;> 



INDEX OP RECENT BOOKS. 

^OTE.— Books marked with an asterisk are contained In the Library of the Institution, 

*A]CKRicAN Pktroleum INDUSTRY. R. F. Bacon and W. A. Hamor. 2 volumes. 
New York : McGraw-Hill Book Coxnpy. $10. 

*Black Damp in Mines. 6. A. Burrell, I. W. Robertson and G. O. Oberfell. 
Washington, D.C. : United States Bureau of Mines. 

*Bbitish Resources of Sands suitable for Glass-making. P.G. H. Boswell. 
Published at the instruction of the Ministry of Munitions of War, by the 
Imperial College of Science and Technology. London : Longmans, Green 
& Co. 1«. 6d. 

•Construction and Operation of a Single-tube Cbacking Furnace for 
making Gasoline. C. P. Bowie. Washington, D.C. : United States 
Bureau of Mines. 

•Effects of Temperature and Pressure on the Explosibility of Methane- 
Air Mixtures. G. A. Burrell and I. W. Robertson. Washington, D.C. : 
United States Bureau of Mines. 

*Hfjilth Conservation at Steel Mills. J. A. Watkins. Washington, D.C. : 
United States Bureau of Mines. 

•History and Development of Gold Dredging in Montana. Hennen 
Jennings. Washington, D.C. : United States Bureau of Mines. 

•Melting Aluminium Chips. H. W. Gillett and G. M. James. Washington, 
D.C. : United States Bureau of Mines. 

*Mithod8 of Sampling delivered Coal. G. S. Pope. Washington, D.C. : 
United States Bureau of Mines. 

•Mineral Resources of the United States in 1915. Coke, by C. E. Lesher. 
Gems and Precious Stones, by W. T. Schaller. Gold, Silver, Copper, Lead 
and Zinc in Arizona, by V. C. Heikes. Gold, Silver, Copper, Lead and 
Zinc in Colorado, by C. W. Henderson. Gold, Silver, Copper, Lead and 
Zinc in Idaho and Washington, by C. N. Gerry. Gold, Silver, Copper, 
Lead and Zinc in Montana, by Y. C. Heikes. Gold, Silver, Copper, Lead 
and Zinc in Nevada, by V. C. Heikes. Metals and Ores in 1914 and 1915, 
by J. P. Dunlop. Petroleum, by J. D. Northrop. Washington, D.C. : 
United States Geological Survey. 

•Nitration of Toluene. E. J. Hoffman. Washington, D.C. : United States 
Bureau of Mines. 

•Production of Explosives in the United States during the year 1915. 
A. H. Fay. Washington, D.C. : United States Bureau of Mines. 

•Productxom of Iron and Steel in Canada in 1915. J. McLeish. Ottawa: 
Canada Department of Mines, Mines Branch. 

•Rbsoue and Recovery Operations in Minbs after Fires and Explosions. 

J. W. Paul and H. M. Wolflin. Washington, D.C. : United States Bureau 

of Mines. 
•Tbchnolooy of Marble Quarrying. O. Bowles. Washington, D.C. : United 

States Bureau of Mines. 

*UsK OF Mud- laden Fluid in Oil and Gas Wkllr. 3.0. lje<«\^ ^Ti^^«'^% 
McMurrsj. WaabiDgtoDf D,C. : United States Buteaw ol'VLVn^^. 



BULLETIN NO. 149. 



INDEX OF RECENT PAPERS. 

^OTE.^AH Papers indexed mey be consulted In the Llbriry of the Institution. 



ASSAYING, ANALYSIS, 
CHEMISTRY. 

Analysis o( Molybdennm Ores. H. Weslling 
and C. AnderMn. — Mining and Scientific 
Press, Ban Francisco, Vol. 118, December S8, 
1916. pp. 917-18. lOe. 

Assaying Gold in Copper Matle. R. E. 
Chase, Janr. — Engineering and Mining 
JoanuU, New York, Vol. 108, December 80, 

1916, p. 1180. 16e. 

Electrolytic behaviour of Tungsten. W. E. 
Koemer. — Metallargical and Chemical 
Engineering, New York, Vol. 16, January 1, 

1917, pp. 40-7. 86e. 

Manganese-SilTer Problem. Experiments 
to determine Uie best mode of treatment of 
refractory manganese-silver ores. Dis- 
enssion.— Jonmal, Chemical, Metallurgical 
and Mining Society of South Africa. Johan- 
nesburg, Vol. 17, Ootober, 1916, pp. 70-1. 2«. 

Manufacture of Chromates from Chromite. 
H. French. Mining and Scientiflo Press, 
San Francisco, Vol. 118, December 9, 1916, 
pp. 845-6. lOe. 

Outlines for the determination of Zinc. 
R. F. Heath. — Mining and Engineering 
World, Chicago, Vol. 45, December 16, 1916, 
pp. 1037-8. lOe. 

Strontium Nitrate. D. F. I rvin.— -Mining 
and Scientific Press, San Francisco, Vol. 
118. November 25, 1916, pp. 774-6. lOe. 

Solphnric Acid from Copper Smelting Oases. 
E. L. Larison.— Engineering and Mining 
Journal, New York, Vol. 103, December 80, 
1916, pp. 1131 -6. lie. 

Testing the atrength of Explosives. J. A. 
Campbell. — Journal, Chemical, Metal- 
lorgical and Mining Society of South Africa, 
Johannesburg, Vol. 17, October, 1916, pp. 
tt-9. 2». 



COAL. 

Accounting System for Coal Minen. R. J. 
Maxwell.— Bull. No. 56, Canadian Mining 
Institute, Montreal, December, 1916, pp. 
1101-38. 

Anthracite Stripping. J. B. Warriner. — 
Bull. No. 131, American Institute of Mining 
Engineers, New York, January, 1917, pp. 
88^. tl. 

Coal and its eoonomic utilization. J. S. S. 
Brame. — Joomal. Royal Society of Arts, 
London, Vol. 66, Janoarv 6, 1917, pp. 186-48 ; 
January 19, 1917, pp. 160-7; January 19, 
1917, pp. 168-73. 6d, 



COAL— emMiiiied. 

Coal Trade of 1916. — Colliery Guardian, 
London, Vol. 118, January 6, 1917, pp. 15-23; 
36-96; 82-8. 6d. 

Movement of Mine Gas in Coal and sur- 
rounding rook. M. N. Charnitzyn. — 
Colliery Guardian, London, Vol. 118, Janu 
ary 6, 1917, pp. 81-3. 5d, 

Prospects of the Carbonisation of Coal 
with By-product recovery as a South 
African Industry. Discussion. — Journal, 
South African Institution of Engineers, 
Johannesburg, Vol. 16, December, 1916, 
pp. 83-8. 3«. 

Shot-firing in Bituminous Mines. M. D. 
Cooper. — Bull. No. 131, American Institute 
of Mining Engineers, New York, January. 
1917, pp. 128-8S. $1. 



COPPER. 

Assaying of Gold in Copper Matte. R. E. 
Chase, Junr. — Engineering snd Mining 
Journal. New York, Vol. 102, December 30, 

1916, p. 1189. 15«. 

Copper-Aluminium-Iron Alloys. {Paper 
read b^ore the American IiutUute of iJetalM.) 
W. M. Corse and G. F. Comstork.— Metal 
Industry, London, Vol. 9, December 22. 1916, 
pp. 696-8; December 39, 1916, pp. 716-17. 

Copper in 1916. — Engineering and Mining 
Journal, New York, Vol. 106, January 6, 

1917, pp. 8-14. 16e. 

Copper Market in 1916.— Engineering and 
Minmg Journal, New York, Vol. 108, Janu- 
ary 6, 1917, pp. 10-11. 16e. 

Current Efficiency in Electrolytic Copper 
Refining. L. Addioks. — Metallurgical and 
Chemical Engineering, New York, Vol. 16, 
January 1, 1917, pp. 38-6. 36«. 

Electrolytic Refining at Trail. T. A. 
Riokard. — Mining and Scientific Press, San 
Francisco, Vol. 118, December 38, 1916, pp. 
908-7 ; December 80, 1916, pp. 988-4; 9S9-41. 
lOe. 

Flotation in the Calaveras Copper district, 
California. H. R. Robbins. — Mining and 
Soientiflc Press, San Francisco, Vol. 113, 
November 35, 1916, pp. 769-78. lOe. 

Grinding Mills at the Inspiration Consoli- 
dated Copper Company. D. Cole.— Mining 
and Scientific Press, San Francisco, Vol. 
118, December 9, 1916, pp. 881-3. lOe. 

Metallurgy of Copper in 1916. L. Addicks. 
— Engineering and Mining Journal, New 
York, Vol. 108, January 6, 1917, pp. 51-5. 
15e. 



BULLETIN NO. 149. 



8 



INDEX OF RECENT PAPERS— continue. 



of Gold by Plates. W. 
-Mining and Scientific Press, 
so. Vol. 113, December 16, 1916, 
lOe. 

>ld in Copper Matte. R. £. 
r.— 'Engineering and Mining 
w York, Vol. 102, December SO, 
9. 15c. 

)f the Pacific Coast. H. Lang, 
id Scientific Press, San Fran- 
L8, December 2, 1916, pp. 811-18. 



litate to Bullion. R. R. Bryan, 
id Scientific Press, San Fran- 
L8, December 9, 1916, pp. 834-6. 



ng in 1916. R. E. Cranston.— 

and Mining Jonmal, New 

108, January 6, 1917, pp. 68-4. 



in Korea. E. W. Mills.— Min- 
rineering World, Chicago, Vol. 
r 9, 1916, pp. 98990. lOe. 

B and Milling at El Dorado 
eada. W. A. Scott.— Mining 
ring World, Chicago, Vol. 45, 
. 1916, pp. 1023-6. lOc. 

I and War Profits Taxation, 
ileod.— Journal, Chamber of 
Western Australia, Kalgoorlie, 
smber 80, 1916, pp. 220-8. 2».6d. 

Iver in 1916.— Engineering and 
mal, New York, Vol. 103, 
)17, pp. 3-4. 15c. 

of Gold and Silrer in 1916. 
iw.— Engineering and Mining 
nr York, Vol. 108, January 6, 
150. 

told Ores. A. S. Lilburne.— 

Engineering Review, Sydney 

•ne. Vol. 9, November 6, 1910, 



ihe Babilonia Gold Mines, 
8. M. Parker.— Mining and 
est, San Francisco, Vol. 113, 
, 1916, pp. 91114. 10c. 

Gk>ld Mine, Manhattan, Neva- 
ynan.— Mining and Scientific 
Trancisco, Vol. 113, December 
S4-5. 10c. 



luminium-Iron Alloys. (Paper 
e American Inatitute of Metatif.) 
and O. F. Com stock.- Metal 
radon, Vol. 9, December 2*2, 
S-8; December 29, 1916, pp. 



IRON— eonMiMMd. 

Future of the Iron Blast Fnmaoe. J. B. 
Johnson, Junr.— Metallurgical and Ohemi* 
cal Engineering, New York, Vol. 16, 
January 1, 1917, pp. 17-90. aSc. 

Iron and Steel Resources and Industries of 
Canada. T. Cantley.— Boll. No. 67, Cana- 
dian Mining Institute, Montreal, January, 
1917, pp. 85-60. 

Manufacture of Chromates from Chromlte. 
H. French.- Mining and Scientific Press, 
San Francisco, Vol. 118, December 9, 1916, 
pp. 846-6. 10c. 

Method for distinguishing Sulphides from 
Oxides in the Meuulography of Steel. G. F. 
Comstock. — Bull No. 120, American Insti- 
tute of Mining Engineers, New York, 
December, 1916, pp. 2108-10. $1. 



LEAD AND ZINC. 

Blue BaII Lead Mine, Riondel, British 
Columbia. T. A. Rickard.— Mining and 
Scientific Press, San Francisco, Vol. 118, 
November 25, 1916, pp. 765-7. 10c. 

Determining weight of electrolytioally de- 
posited Zinc. L. C. Wilson.— Metal Indus- 
try, London, Vol. 10, January 5, 1917, pp. 
1-3. id. 

Electric Point Lead Mine, Washington. 
A. Lakes. — Mining and Engineering World, 
Chicago, Vol. 45, December 9, 1916, pp. 
991-2. 10c. 

Electrolytic Refining at Trail. T. A. 
Rickard.— Mining and Scientific Press, San 
Francisco, Vol. 118, December 28, 1916, pp. 
903-7; December 80, 1916, pp. 988-4 ; 980-41. 
10c. 

Geology of the Bawdwin Mines, Burma. 
M. H. Loveman. — Bull. No. 120, American 
Institute of Mining Engineers, New York, 
December, 1916, pp. 2119-48. $1. 

Lead Mines of Washington County, 
Missouri. S. H. Ball.— Mining and Scien- 
tific Press, San Francisco, Vol. 118, Decem- 
ber 2, 1916, pp. 807-10. 10c. 

Lead Mines in Weardale, County Durham, 
worked by the Weardale Lead Company, 
Ltd. H. Louis.— The Mining Magazine, 
London, Vol. 16, January, 1917, pp. 15-26. 
U. 

Lead in 1916. — Engineering and Mining 
Journal, New York, Vol. 108, January 6, 
1917, pp. 16-22. 15c. 

Metallurgy of Lead in 1916. H. O. Hofman. 
—Engineering and Mining Journal, New 
York, Vol. 108, January 6, 1917, pp. 49-51. 
15c. 

Metallurgy of Zinc in 1916. W. R. Ingalls. 
— Engineering and Mining Journal, New 
York, Vol. 108, January 6, 1917, pp. 65-7, 
15c. 



^ 



BULLETIN NO. 149. 



9 



EX OF RECENT PAPERS— ccmantKrcf. 



— eoHtinued. 

ermination of Zinc, 
ig and Kngineering 
5, December 16, 1916, 



d UsoH. O.C.Stone, 
don, Vol. 10, January 



leering and Mining 
Vol. 108, January 6, 



eneral). 

dill, near Presoott, 
inning. - Engineering 
New York, Vol. 1C2, 
104S-5. l.V. 

daring 1916. A. 
57, Canadian Mining 
.nuary, 1917, pp. 9-18. 

r Heat Ijosr in Flue 
ind Mining Journal, 
Boember 28. 1916, pp. 



tation. L. B. EameH. 
an Mining Institute, 
916, pp. 1 129-47. Also, 
n Institute of Mining 
December, 1916, pp. 



ensityof Flue Gases. 
Victnrinn Imtitutt of 
;h. — Chemical Trade 
1. 59, December 28, 



8. E. Brcthertoi). — 
PreHS, San Francisco, 
1916, pp. 793-4 10c. 

Jast Furnace. J. E. 
Ilnrgical and Chemi- 
York, Vol. 16, Jann- 
25c. 

iling of Metals. T. 
imical. Metallurgical 
South Africa, Johan- 
)er, 1916, pp.6H;. 2«. 

Mathewson, Metal- 
. — Mining and Scien> 
ancisco, Vol. 113, 
07-44. lOf. 

Non-Ferrous Metals 
'is. — Metal Industry, 
iry 12, 1917, pp. 29-82. 



i. M. Howe. — Bull, 
itute of Mining Engi- 
lecember, 1916, pp. 



METALLURGY (Qeneral)-«(mliiiHMl. 

Potash as a By-prodaot from the Blast 
Furnace. R. J. Wysor. — Ball. No. 121, 
American Institute of Mining Engineers, 
New York, January, 1917, pp. 1-82. $1. 

Recuperacion de hamos por preoipltaoion 
eltetrica. A. G. Lomas.— Boletin, Socledad 
Nacional de Minerfa, Santiago de Chilp, 
Vol. 28, July-Aogust, 1916, pp. 860-8. 



MILLING & CONCENTRATION. 

Chronology of Flotation. W. Motherwell.— 
Engineering and Mining Joarnal, New 
York, Vol. 102, December 9, 1916, pp. 1012-14. 
16c. 

Comparative Test of the Marathon, Chilean 
and Hardinge Mills. Disoauion. — Ball. 
No. 120, American Institute of Mining 
Engineers, New York, December, 1916, pp. 
2184-97. $1. 

Flotation in the Calaveras Copper district. 
California. H. R. Robbins.— Mining and 
Scientific Press, San Francisco, Vol. 118, 
November 25, 1916, pp. 769-78. lOr. 

Grinding Mills at the Inspiration Consoli- 
dated Copper Company. D. Cole. — Biining 
and Scientific Press, San Francisco, Vol. 118, 
December 9, 1916, pp. 831-2. lOe. 

Launder Flotation Machine. B. M. Snyder. 
— Engineering and Mining Jonmal, New 
York, Vol. 102, December 16, 1916, pp. 1060-1. 
15c. 

ProgrcHB of Flotation in 1916. H. A. 
Megraw.— Engineering and Mining Journal, 
New York, Vol. 108, January 6, 1917, pp. 
59-62. 15c. 

Himple method of sizing ore for Tube Mill- 
ing : the Dumb-Bell lube Mill. G. A. 
Kobertson.— South African Mining Journal, 
Johannesburg, December 9, 1916, pp. 8S7-8. 
6rf. 



MINING (General). 

Con H tractive aid for the Prospector. H. N. 
Lawrie. — Mining and Scientiflc Press, San 
Francisco, Vol. 118, December 9, 1916, p. 888. 
10c. 

Mine.>« of the Kangaroo Hills district, North 
Queensland. E. C. Saint-Smith.— Queens- 
land Government Mining Jonmal, Brisbane, 
Vol. 17, November, 1916, pp. 684-9. 6d. 

Mining in Australasia in 1916.— Engineering 
and Mining Journal, New York, Vol. 108, 
January 6, 1917, pp. 81-4. 15c. 

Mining in British Columbia in 1916. — Engi- 
neering and Mining Journal, New York, 
Vol. 103, January 6, 1917, pp. 79-80. 16c. 

Mining in Central America in 1916.— Engi- 
neering and Mining Jonmal, New York, 
Vol. 108, January 6. 1917, pp. 91-2. 16e. 



BULLETIN NO. 149. 



10 



NDEX OF RECENT PAPERS— cowtiwtied. 



e ral ) — continued . 

)r Bolivia. J.T.Singewald, 
Miller. — Eugineering and 
, New York, Vol. 102, 
, pp. 1006-9. 15tf. 

1 in 1916. H. W. Paul.— 
1 Mining Journal, New 
7anuary 6, 1917, pp. 87-8. 



CO in 1916. — Engineering 
•nai. New York, Vol. 108, 
•p. 76-8. 15e. 

io in 1916. T. W. Gibson, 
nd Mining Journal, New 
January 6, 1917, pp. 78-9. 

America in 1916.— Engi- 
ting JoDrnal, New York, 
6, 1917, pp. 80-91. 15«. 

I in Manitoba. B. C. 
No. 57, Canadian Mining 
al, January, 1917, pp 25-8. 

ransvaal in 1916. H. F. 
leering and Mining Jour- 
Vol. 103, January 6, 1917, 

ited StateE in 1916.— Engi- 
ling Journal, New York, 
6, 1917, pp. 67-75. I6c. 

iaflres. E. F. Brooks. — 
lUflc Press, Ban Francisco, 
ar 16, 1916, p. 871. 10c. 

ye Contours. J. J. Bristol, 
nd Mining Journal, New 
cember 16. 1916, pp. 1068-7. 



oreftary of the Committee 
miUtion.— Bull. No. 121, 
te of Mining Engineers, 
ry, 1917, pp. 87-122. $1. 

Flat Stones. S.Nettleton. 
aical. Metallurgical and 
' South Africa, Johannes- 
ober, 1916, pp. 67-61. 2m. 

gth of Explosives. J. A. 
rnal, Chemical, Metal- 
uing Society of South 
ibnrg, Vol. 17, October, 

tns on the WeHt Coast of 
A. P. Rogers. — Engineer- 
Foamal, New York, Vol. 
1916, pp. 1098-6. 15«. 

otric Mine Lighting. L. 
and Engineering World, 
December 28, 1916, p. 1072. 

a System and its use in 
^eston.— Engineering and 
New York, Vol. 102, 
, pp. 1127-80. I5c. 



MINOR METALS. 

Aluminium in 1916.— Engineering and Min- 
ing Journal, New York, Vol. lOR, January 6» 
1917, p. 29. 16e. 

Analysis of Molybdenum Ores. H.Westling 
and C. Andersen. — Mining and Scientiflo 
Press, San Francisco, Vol. 118, December 
28, 1916, pp. 917-18. lOt. 

Antimony in 1016.— Engineering and Mining 
Journal, New York, Vol. 108, Janoary 6» 
1917, p. 15. 16tf. 

Boronized Metals: some minute aspects.. 
J. Scott.- Metal Industry, London, Vol. 10, 
January 19, 1917, pp. 60-1. 4a. 

California Magnesite Industry and Produc- 
tion. W. A. Scott.— Mining and Engineer- 
ing World, Chicago, Vol. 46, December 80^ 
1916, pp. 1107-9. lOe. 

Copper-AIuminium-Iron Alloys. {Paper read 
before the American InetUute of Metals.) 
W. M. Corse and O. F. Comstock.— Metal 
Industry, London, Vol. 9, December 22,. 

1916, pp. 696-8; December 29, 1916, pp. 
716-17. id. 

Electrolytic behaviour of Tungsten. W. E. 
Koerner. — Metallurgical and Chemical 
Engineering, New York, Vol. 16, January 1, 

1917, pp. 40-7. 25«. 

Hujrani-Potofi Bismuth-Tin Mines of 
Bolivia. B. L. Miller and J. 'R Singewald^ 
Junr. — Engineering and Mining Journal, 
New York, Vol. 102, December 16, 1916, 
pp. 1065-7. 15e. 

Magnesite, Dolomite and Magnesium Salts 
in Queensland. B. Dunstan. — Queensland 
Government Mining Journal, Brisbane,. 
Vol. 17, November, 1916, pp. 629-88. 64. 

Manganese Ores oj Russia, India, Brasil, 
and Chile. Discussion. — Bull. No. 120, 
American Institute of Mining EngpUieers, 
New York, December, 1916, pp. 2282-8. $1. 

Manganese-Silver Problem. Experiments 
to determine the best mode of treatment of 
Refractory Manganese-silver Ores. Discus- 
sion. — Journal, Chemical, Metallurgical 
and Mining Society of South Africa, 
Johannesburg, Vol. 17, October, 1916, pp. 
70-1. 2». 

Manganese in West-Central Arkansas. 
G. A. Joslin.^Mining and Scientific Press, 
San Francisco, Vol. 118, December .SO, 1916, 
pp. 947-8. 10c. 

Manufacture of Chromates from Chromite»^ 
H. French — Mining and Scientific Press, 
San Frsncisco, Vol. 118, December 9, 1916, 
pp. 84.>6. 10c. 

Metallurgical Treatment of Molybdenum. 
Ores. [Excerpt from an article in the 
Colorado School of Minee Quarterly.) U. 
Fleck.— Mining and Engineering World, 
Chicago, Vol. 45, December 9, 1916. p. 994. 
10c. 



BULLETIN NO. 149. 



11 



INDEX OF RECENT PAPERS— oonttnucd. 



16.— 'Elngineering and Mining 
York, vol. 108, Jannary 6, 
15e. 

n 1916. — Engineering and 
al. New York, Vol. 108, Jan- 
. 6. 15«. 

« in Madagascar. Reply to 
P. P. Watte.- Journal, Ctaem- 
-gical and Mining Society of 
Johannesburg, Vol. 17, Octo- 
B8-70. 2a. 

detal from Aluminium Swarf 
^. J. May.— Metal Industry. 
10, January 5, 1917, pp. 10-11. 



OTery in the Greenhorn Moun- 
County, California. W. H. 
ling and Scientific Press, San 
3l. 118, November '25, 1916, 



itrmte. D. F. Irvin.— Mining 
c Press, San Francisco. Vol. 
it 35, 1916, pp. 774-6. 10c. 

ftrkets in 1916.— Engineering 
foumal, New York, Vol. 10:i, 
17, pp. 93-4. ISf. 



ALLIC MINERALS. 

ing in Georgia. A. C. Vivian. 

and Mining Journal, New 

t, December 28, 1916, pp. 1088-6. 



ling in Ontario. — Canadian 
lal, Toronto, Vol. 88, January 1, 
ie. 

3y-product from the Blast Fur- 
/ysor.— Bull. No. 121, American 
Mining Engineers, New York, 
7, pp. 1-82. $1. 

of Salt in Szechenn Province, 
hina. H. K. Richardson. — 
kl and Chemical Engineering, 
Vol. 16, January 1, 1917, pp. 



e Changes in Portland Cement, 
bell.— Journal, Industrial and 
Chemistry, New York, Vol. 8, 
916, pp. 1101-2. COtf. 

•'irebricks. (Part of Di*eu*$ion 

»ry Material*** before the Vara- 

J. W. Mellor.— Metal Industry, 

)1. 9, December 22, 1916, pp. 



PETROLEUM A NATURAL OAS. 

Bituminous Shale Indnitry in North- 
western Colorado. G. R. de Beqne.— 
Engineering and Mining Jounud, New 
York, Vol. 102, December 9, 1916, pp. 1011-19. 
15c. 

Diastropbio Theory : a contribution to the 
study of the mechanics of Oil and Oaa 
accumulation. Discussion.— Bull. No. 190, 
American Institute of Mining Engineers, 
New York, December, 1916, pp. 9904-11. 61. 

Effect of Temperature and the TimeFaotor 
in the formauon of Gasoline in the Oas 
Phase at Constant Pressure. O. Bflofl, 
T. J. Twomey and R. J. Moore.— Jonrnal, 
Industrial and Engineering Chemistry, 
New York, Vol. 8, December, 1916, pp. 
1102-i>. 60e. 

Infonue prelim inar sobre los reoonoci- 
mientos Jeol6jicos de los Terrenos Petrol- 
iferos de Magalianes del Sur. — Boletin, 
Sooiedad Nacional de Minerfa. Santiago de 
Chile, Vol. 28, July-August, 1916, pp. 800-15. 

Nature and Origin of Petroleum and 
Asphalt. C. Richardson.—- MetiUlnrgical 
and Chemical Engineering, New York» 
Vol. 16, January 1, 1917, pp. 25-7. 26tf. 

Occurrence of Petroleum in England. 
{Paper rend be/ore the Ingtitution of Petroleu9^ 
TechHologUU, January 16,1917.) W. Forbes - 
Leslie. — Colliery Guardian, London, Vol. 
118, January 19, 1917, p. 186. 6d. 

Ozokerite from the Thrall Oilfield. E. P. 
Schoch. — Journal, Industrial and Engi- 
neering Chemistry, New York, Vol. 8, 
December, 1916, p. 1096. BOe, 

Petroleo del Per A. — Boletin, Sooiedad 
Nacional de Minerfa, Santiago de Chile, 
Vol. 28, July-August, 1916, pp. 818-43. 

Post-Eocene and Post-Miocene Movements 
in the Oilfield Region of Egypt. W. F. 
Hume. — Geological Magazine, London, 
January, 1917, pp. 5-9. 2*. 

Problems connected with the recovery of 
Petroleum from Unconsolidated Sands. 
W. H. Kobb^. — Bull. No. 120, American 
Institute of Mining Engineers, New York, 
December, 1916, pp. 2258-76. $1. 

Reservoir Gas and Oil in the vicinity of 
Cleveland, Ohio. F. R. Van Horn.— Bull. 
No. 121, American Institute of Mining 
Engineers, New York, January, 1917, 
pp. 75-86. $1. 

Stability of Paraffin Hydrocarbons. G. 
Egloff and R. J. Moore.— Metallurgical and 
Chemical Engineering, New York, Vol. 16,. 
January 1, 1917, pp. 47-51. 25c. 



BULLETIN NO. 149. 



12 



INDEX OF RECENT PAPERS— coiittwMed. 



D POWER. 

B. Reply to disoussion. A. 
A. MoA. Johnston.— Journal, 
I Institation of Engineers, 
, Vol. 15, December, 1916, 



)redge, Alaska. 8. 8. 8mith. 

Scientific Press, San Fran- 

A, December 28, 1916, pp. 



PLANT AND POWBR-^onMfUMtf. 

Use of Peat in Oas • producing plants. 
B. O. C. Braly.— Journal. Society of Chemi- 
cal Industry, London, Vol. 85, December 80, 
1916, pp. 1240-8. U,9d. 

V^are-transmitslon System and its use in 
Drilling. £. M. Weston. — Engineering 
and Mining Journal, New York, Vol. 102, 
December 80, 1916, pp. 1127-80. 150. 



es p«. Steam Turbines for 
Plants. Discussion. — Bull, 
erican Institute of Mining 
ew York, December, 1916, 
ll. 

Compressed Air Installations, 
ngineering and Mining Jour- 
:, Vol. 102, December 16, 1916, 
ecember28, 1916, pp. 1087-90. 

Compressor. A. E. Chodsko. 

Scieniific Press, San Fran- 

L8, December 16, 1916, pp. 

ktion Macliine. B.M.Snyder. 

and Mining Journal, New 

12, December 16, 1916, pp. 

)abilonia Gold Mines, Nicar- 
arker.— Mining and Hcientiflo 
■ancisco. Vol. 118, December 
1-14. lOe. 

'olved in computing the de- 
?lant. {Paper read before the 

Section of the Inetitution of 
ineert.) F. Gill and W. W. 

and Coal Trades Review, 
14, January 12, 1917, pp. 27-80; 
117, pp. 64-7. 6d. 

id by new and modern Rock 
kUiet.— Mining and Engineer- 
lioago. Vol. 45, December 80, 
5. lOe. 

t for Flat Stopes. 8. Nettleton. 
hemical. Metallurgical and 
ly of South Africa, Johannes- 
October, 1916, pp. 67-61. 2s. 

Filtering Boiler Feed Water. 
JQ. — Mining and Engineering 
to. Vol. 45, December 9, 1916, 



SILVER. 

Geology of the Bawd win Mines, Burma. 
M. H. LoTeman.-*BuU. No. 120, American 
Institute of Mining Engineers, New York, 
December, 1916, pp. 2119-48. $1. 

Manganese-Silver Problem. Experiments 
to determine the best mode of treatment of 
refractory manganese-silver ores. Discus- 
sion.— Journal, Chemical, Metallurgical and 
Mining Society of South Africa, Johannes- 
burg, Vol. 17, October, 1916, pp. 70-1. 2t. 

Metallurgy of Stiver and Gk>ld in 1916. 
H. A. Megraw. — Engineering and Mining 
Journal, New York, Vol. 108, January 6, 
1917, pp. 57-8. 15e. 

Silver in 1916.— Mining Journal, London, 
Vol. 116, January 6, 1917, pp. 14-15. 6d. 

Silver and Gold in 1916.— Engineering and 
Mining Journal, New York, Vol. 108, Jan- 
uary 6, 1917, pp. 8-4. 150. 



TIN. 

Bucket-Dredging for Tin in the Federated 
Malay BUtes. H. D. Griffiths.- The Mining 
Magazine, London, Vol. 16, January, 1917, 
pp. 26-83. U. 

Huayni-Potosi Bismuth-Tin Mines of Bo- 
livia. B. L.» Miller and J. T. Singewald, 
Junr. — Engineering and Mining Journal, 
New York, Vol. 102, December 16, 1916, 
pp. 1065-7. 150. 

Northern Nigeria Tin Industry. — Mining 
Journal, London, Vol. 115, December 80, 
1916, pp. 868-9. M, 

Tin in 1916.— Engineering and Mining Jour> 
nal. New York, Vol. 103, January 6, 1917, 
pp. 14-15. 160. 



BULLKTIN NO. 149. 16 



MILITARY SERVICE. 
SUPPLEMENTARY LIST. 



The foUomng have been notified since the itsue of the Uitt Bulletin, 
January 11th, 1917: 

MEMBERS SERVING WITH H.M. POROES. 

BxADKEUi, H. J. L., Army Service Corps, (2nd Lieut.). 
Chaffby, C. B., Manchester Regiment, (2nd Lieut.). 
Wackbujl., C. H., 2::k)uth African Forces. 
Williams, THOuiii, lioyal Engineers. 

PROMOTIONS OR OTHER CHAKG£6. 

Chippkll, M. a.. Royal Flying Corps, (2nd Lieut.). 

Clutterbdck, £. C, Royal Engineers, (2nd Lieut.). 

CovjuN, R. H., Boyai Engineers, (Captain). 

DsAK, A. W. H. Awarded Bar to MiUUiry Crotg, 

DnroN, H. O. Dagbes, Manchester Regiment, (Captain). 

Oraham, W., attached Royal Garrison Artillery, (2nd Lieut.). 

Lindsay, The Hon. Lionel. Awarded the Military Cro$t. 

Mansiield, F. T., Hampshire Regiment, (Lieut.). 

Nicholls, C, Royal Engineers, (Captain). 

NiBBBN, P. N., Royal Engineers, (Major). Erroneoutly publithed in January 
BtiiUHn eu Sherwood Foresters. 

Pab6btee, C. E. Awarded the Military Cross. 
Whittuce, J. C. 8., Beyal Engineers, (Captain). 

KILLED IN ACTION. 

William Niceun, Associate. (No particulars.) 

Qkrald Galt, Associate, Lieut., Canadian Engineers. {In France, December 
'Jdth, 1916.) 

■ ■ ■ ■ - ■ - . 

Cbowthbb & OooDMAS. Ltv., Prinfn. 124. F«nchurcH 8tt%*V. lioudow, Y.^. 



lasOtiitioii Ml a body Is not respoBsiVlo for the Stetomonts or 
Opinions oxproMod in any of its Pnblieations. 



f^t to revision.] [A Paper to be discussed at a Meeting of the 

Institution of Mining and Metallurgy ^ to be 
held at the Rooms of the Geological Society ^ 
Burlington House^ Piccadilly, W., on 
Thursday, February 15th, 1917, at 5.30 
o^ clock p,m. 



The Wet Assay of Tin Concentrate. 

By H. W. HuTCHiN, Member. 

^>^ the literature available, the following publications may be 

^vilted with advantage: 

t*he Wet Assay of Tin Ores.* J. J. Beringer, Mining Magazine, 

vol. i., p. 281. 
^ Text Book of Assaying.' C. and J. J. Beringer, 18th 

edition, 
•technical Methods of Ore A. H. Low. 

Analysis.' 
t*he Assay of Tin and L. Parry. 

Antimony.* 
fhe Metallurgy of Tin.' Thibault. 

Fhe Assay of Tin Ores and E. A. Wraight and P. L. Teed. 

Concentrates.' Trans., vol. xxiii. 

The Assay of Tin Ores.' H. W. Hutchin, Travis,, vol. 

xxiii. 
ri the discussion, * On the Dressing of Tin Ores in Cornwall,' 
VV. F. Wilkinson, 1918,* the late J. J. Beringer said : 
I should describe the wet assay for tin as improved, rather 
n perfected. If the story of the introduction of wet assays into 
per mines is repeated with tin, then there will be a period of 
►rovements in methods commensurate with the increased experi- 
e of methodr> and materials. I expect the improvement to come 
nti discussion among professional assayers.* 
Phe period predicted with such foresight appears to have 
ived, but even now it is only correct with the more advanced 
tkers. The conscientious worker seeks first to trace the weak- 
8s of his own methods, and having applied the remedy, he then 
^mpts correlation with other methods. The author has attempted 
fulfil these conditions in compiling the data embodied in the 

• Tratu., vol. xxii, pp. 215-228. 
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present communication, which in scope is restricted to the wet 
assay of tin concentrates, reserving for a future period a more 
critical study of the wet assay of low-grade ore and tailing. The 
task has heen in part self-imposed, and in part compulsory ; self- 
imposed as a continuation of the study of the lime method, and 
compulsory by the prevalence of divergent assays encountered in a 
professional capacity. The whole of the tests are new — i.e. actual 
experiments made since the last communication in 1914. 

Recent metallurgical developments have made practicable the 
beneficiation of low-grade tin and tin-copper concentrates contain- 
ing from 15 % of tin and 6 % of copper upward, and small quantities 
of low-grade tin concentrates are now being sold by Cornish pro- 
ducers. 

Tin streamers and others find that it is to their advantage to sell 
a certain class of intermediate concentrate rather than dress it up 
to the grade usually required for black tin. This applies to what 
are known as ' hind ' parts, that is, leavings from the cleaning up 
of black tin. 

In other instances, where large proportions of hematite are 
associated with the cassiterite, it has been found more profitable to 
sell a low-grade concentrate than to dress this material up to a 
high-grade concentrate. So, too, in the magnetic separation of 
tin-wolfram concentrate from complex ores, the most magnetic 
product known locally as * iron product * (18 %-21 % tin) is sold to 
best advantage without further treatment. At the same time it 
would hardly be profitable to sell as a low-grade concentrate a 
material containing crop tin, which could be easily dressed up to 
60 % or 70 % grade. Nevertheless, the developments of this branch 
of metallurgy will be watched with interest, and perhaps with no 
keener interest than by owners of alluvial properties in Nigeria^ 
where large quantities of low-grade concentrate are available, some 
of which is thrown away as worthless under present conditions. 
High freights forbid transport to England, but in due course with 
the development of the colony and facilities for metallurgical 
treatment at suitable centres, what are now worthless products 
may become of value. It is in the wet assay of such low-grade 
concentrates that difficulties have been encountered which, in the 
author's opinion, can now be successfully met : the difficulties are 
less frequently met with in the wet assay of high-grade concentrate ; 
in low-grade concentrates extremes meet and experience gained 
with such material is invaluable in considering the assay of richer 
and cleaner material. 

The iodine titration for the estimation of tin has met with wide 
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acceptance; ferric chloride with a less general acceptance. Tlio 
former has the advantage of being more directly applicable. 

For the assay of concentrates the standard solution of iodino 
should be of the strength of 100 cc. = 1 grm. tin. This will allow 
of a 1 grm. charge as a minimum being used for the determination. 
I^he standard solution should be made up in quantities of 15 to 20 
litres at a time, standardized, adjusted to the required strength, 
*Qd stored in Winchester quart bottles away from direct sunlight. 
The standttrdizing should be with pure tin : pure white arsenic, 
freshly dissolved, gives low results, involving an addition of roughly 
^ % to the value. Thus if the standard by white arsenic 
''^as 0*99, it would be approximately correct to take it as 1*00. An 
alkaline solution of white arsenic several weeks old will give a 
Value approximating more closely to that from direct standardizing 
^ith tin, indicating slow oxidation of the white arsenic in the 
alkaline solution. 

Iodine solution, prepared in quantity and bottled in this mannoi', 
^s fairly stable. Thus with a solution whose value at the time of 
"Ottling was 0*965, the last bottle of the stock, six months after, 
gave a value of 0-966. Loss of strength ensues during the period in 
'^'^liich any particular bottle is in use. The remainders of two 
littles which had been in use, containing each about 200 cc, were 
iQixed together and standardized, giving a value of 0*962. A solution 
^^ potassium iodide in water usually acquires a yellow colour, due 
^ liberation of iodine ; on the other hand, with a solution of iodine 
'^ potassium iodide in daily use, the withdrawal of solution from 
stock bottle to burette gives increased surface and volume of air 
sp^Kse for escape of iodine by vapour pressure, with a net result in 
*inae of diminished strength (serious diflSculties with very dilut(! 
solutions of iodine arise from loss of strength). Where solutions 
0^ iodine are stored in aspirators, the solution should not come in 
coutact with rubber ; corks well waxed may bo used. The entrance 
of deleterious gases of the laboratory must be guarded against by 
allowing the incoming air to pass through a trap containing iodine 
solution. The late Mr. J. J. Beringer — to whom the author is 
uidebted for this procedure — gave it as his opinion that without 
the trap the iodine solution rapidly deteriorated ; with the ti-ap 
deterioration was much less. As an extra precaution, a log of 
staodardizings was kept in a prominent position, which not only 
ftUowed the deterioration to be traced, but allowed any standardi- 
zing which appeared abnormal to be checked. 

The pare tin should be rolled out very thin in clean bullion 
roUs: failing bullion rolls, very fine shavings, with a knife. 
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may be used. The quantity of tin used in standardizing should 
be about 0*7 grm. 

Properly prepared, such a quantity will give no trouble in dis- 
solving — gently boiling with 60 cc. hydrochloric acid for a few 
minutes is sufficient. After solution is complete, the volume 
should be increased to about 150 cc. with boiled water, and boiled 
with a nickel coil for five minutes. 

Where a standard solution of tin is preferred (100 cc. = 1 grm.), 
about 70 cc. should be used. If freely acid, the excess of acid 
should be neutralized to leave only a few cc.'s excess, about 5 grm. 
of powdered zinc (free from tin) may be added to the cold solution 
and gently agitated : 55 cc. HCl are then added cautiously, the 
nickel coil inserted, boiled and boiling continued for 10 minutes. 
The nickel should be in the form of a coil and suspended by a glass 
rod ; on removal (and it is better to remove it) it should be washed 
with boiling water. The reduced tin solution should be cooled 
under COa in the manner described in Beringer's * Text Book.' 
Solution of the tin in a concentrate may not be effected without a 
preliminary operation, which may be accomplished in various 
ways, e.g. : 

(1) By heating the finely powdered charge in a current of hydro- 
gen, coal-gas or other reducing gas. The reaction is the basis of 
the old and well-known method of assay and commonly known as 
the * hydrogen * method. Heating the concentrate with carbon for 
some hours is applied also. 

(2) Ignition of the finely powdered charge with metallic zinc in 
the presence of a basic oxide, preferably zinc oxide. — Beringer 
method. 

(8) Ignition of the powdered charge with lime in the presence of 
the products of combustion of a bunsen burner or blow lamp. — 
Hutchin or lime method. 

(4) Fusion of the powdered charge with caustic soda or sodium 
peroxide. — Pearce method. 

The * hydrogen * method (except for an old method involving a 
gravimetric determination) appears to have been used only in con- 
junction with the ferric chloride titration, so, too, with the carbon 
reduction. The Pearce, lime and Beringer methods have all been 
used in conjunction with the iodine titration and may not be used 
for the ferric chloride titration so long as a reduction with nickel is 
used. But with a separation with zinc and care in redissolving the 
precipitated tin the ferric chloride titration could be used. 

Before any of these reactions can be utilised in an assay, the 
sBjnple of concentrate must be in a suitable state of subdivision. 
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This is accomplished by mechanical means. Rough alluvials and 
Jigr samples require a preliminary reduction in size, usually by 
muller and slab, ball-mill, or other mechanical appliance, beforo 
finer grinding is attempted. With concentrates of limited size, 
Rucb as are produced in ordinary milling operations, the preliminary 
reduction may be dispensed with or modified somewhat, but, 
generally speaking, some degree of fine grinding will be necessary. 

It is in operations of this kind that very serious error may hv 
introduced: the worker obtains in duplicate assays a delightful 
concordance without a suspicion that errors of 1%, 2% or H ';<, luay 
nave been introduced before even the charges had been weighed 
Out. This is not so with all workers, but the error is more common 
than is desirable, and, what is of more importance, by no procedure 
'Within the author's experience can any but low assays be returned 
o*^ certain rough samples — viz., alluvial tin concentrate, jig samples 
o^ tin and tin- wolfram concentrate. F. A. Eastaugh has referred to 
Similar difficulties in the estimation of ash in coke.* 

The Beringer assay requires an impalpable powder; the Vearce 

^«say allows of greater latitude in size ; the lime assay alloAvs the 

"Widest latitude, and for this reason its use has been continued bv 

^^e author. The days of laborious fine grinding are no more, and 

the evils also; with many products mixing rather than grinding is 

required, but a large charge is taken as a precaution against possible 

s^Jnpling errors. Possible fine grinders are the agate, steel and 

Wedgwood mortars, muller and slab, disc grinders, and ball-mills. 

The case a^^inst ball-mills and disc grinders rests on the experience 

of other workers, but w4th the other appliances careful investigations 

have been made. That makers of disc grinders supply du])licate 

^iscH is significant : with ball-mills as used at the Camborne School 

of Mines the weighing of the balls supplied convincing evidence of 

dilution of the sample. Further, of disc grinders, Ernest A. Smith 

^^^ stated : *It may be well in this connexion to point out that, 

'^ben the fine crushing of poor ores with hard gangue is effected in 

disc grinders, there is considerable danger of the sample becoming 

contaminated with from 2 % to 8 % of iron, or even more.* I 

Fine Grindimf — ExperimcnUiL About 600 grm. of a Cornish 
Wack tin (* Crop tin ') was digested on a water bath with hydro- 
chloric acid for some hours and a little nitric acid added to^vards 
the end. The cleaned concentrate was washed with water till free 

• ' The effect of different methods of crusbinK on the Ash of Coko.' Trnmt., 
▼oLxxiv., p. 483. 

t Trmn.^ vol. xxiii., p. 335. 
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from acidity, then treated with dilute ammonia to remove traces of 
tungstic acid, again washed thoroughly with water and dried. 

A 10 grm. charge of the cleaned concentrate gave no blue colour 
in a volume of 50 cc. by the ordinary colorimetric assay for copper, 
and may be considered free from copper. AVith this material a set 
of six assays was made. In each instance 5 grm. charges were 
heated with 6 grm. of lime ; the residues obtained were reground in 
agate mortar, mixed with a little lime reheated, and the small 
quantity of tin dissolved in acid and added to the main tin solution. 
This gave 6 solutions of 500 cc. each, 100 cc. of each solution were 
reduced with nickel. 

The first assay was with unpowdercd material, the second with 
the material powdered in an agate mortar, the third with the 
material powdered in a steel mortar, and the remaining three assays 
with material powdered in various Wedgwood mortars which may 
be designated A, B and C respectively. 

For the steel mortar and pestle the author is indebted to the 
Camborne School of Mines : it was designed by and cast for the 
late Mr. J. J. Beringer, from a supply of Hadfield's hard steel. 

The Wedgwood mortar A was of the variety glazed outside, 
unglazed inside; B and C were both of the ordinary unglazed 
type. 

The percentages of tin returned in the six assays were — unpowdered 
75-1 %, agate powdered 75 1 %, steel powdered 74*0, Wedgwood 
powdered, A 73-35, B 78-65, C 72-95. Within the limits of experi- 
mental error grinding in an agate mortar does not result in dilution 
of the sample. 

The colour of the powdered material from the steel mortar was 
much darker than that from the ngate. An attempt to estimate 
the iron in the former by contact with excess of a copper solution 
and a colorimetric estimation of the precipitated copper indicated 
only 0-5 % metallic iron, but an alternative method based on solution 
in *dil HCl, peroxidizing and precipitating as ferric hydrate gave 
1'6% calculated as iron — a blank test on the agate powdered 
material was also made, the amount from the blank was very 
little. 

So, too, the evidence against the Wedgwood mortars does not rest 
solely on the three assays quoted : the following series of assays 
on ten different samples of concentrate, Cornish and foreign, shonld 
bring conviction. They are taken from preliminary investigations 
on the application of the lime method to unpowdered concentrate. 

• The smell of carbnretted hydrogen was quite noticeable. 
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COMPABATIYE AsSAYS. POWDBRED AND Un POWDERED. 

The powdering, except where stated, was by Wedgwood mortar. 



No . of Sample. 


Lime Method, 
nnpowdered. 


Lime Method, 
powdered. 

o/ 

71-8 


Beringer Method, 
powdered. 


I. 


78-4 


/O 

70-9 


II. 


690 


67-6 


67-2 


III. 


77-8 


75-45 


750 


IV. 


70.95 




690 


V. 


68-25 


— 


66-1 


VI. 


70-7 




67-8 


VII, 


67-25 


— 


64-8 


VIII. 


720 




69-7 (a^nitt'71-9) 


IX. 


70-7 


- ■- 


68-0 


X. 


75-6 


72-65 


72-75 



The differences are clearly due to the method of grinding and 
^ot to differences in methods of assay. 

The log of the weights of the Wedgwood pestles B and C are 
^Iso convincing. The mortar and pestle B, originally new in 
-•-Oo?, was used for general purposes, but more particularly for 
^*J© grinding tailing samples. By 1912, not only had the pestle 
^orn away to the wooden handle and was replaced by a new one, 
*he base of the mortar had taken a distinctly new shape by 
^^osion. 

The log of the weight of the new pestle B runs:— March 18, 1912, 

^'^S grm. ; June 18, 1912, 264 grm. ; February 25, 1914, 287 grni. ; 

^ay 19, 1914, 286 grm. ; March 20, 1915, 285 grm. ; August 12, 

^^16, 284 grm. From March 18, 1912, to June 18, 1912, it was 

^Bed indiscriminately for concentrate both tin and wolfram, the 

approximate number of samples prepared in this period was 240. 

I^he conditions were the same from June 18, 1912, to February 2o, 

^^14, bafe the number of samples treated is not clear, l^'roni 
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February 26, 1914, only wolfram concentrates were prepared wi^^ 
the mortar, and in the period from February 25 to May 19 '^^ 
number of wolfram samples prepared was approximately 60. Fwr^^ 
May 19, 1914, onwards it was in use for wolfram only. 

With regard to pestle C, its weight on February 26, 1914, -^^^^ 
446 grm., and by May 19, 1914, its weight had decreased to -*4^" 
grm. ; in this period it was used only for tin concentrate, and ^^^ 
approximate number of samples was 80. 

Thus the records show that in the preparation of 60 sample^^^ ^' 
wolfram the pestle lost 1 grm. in weight, as against a loss ^^ 

weight of 8 grm. in the preparation of 80 samples of tin conr* ^^^' 
trate. 

The bucking board or muUer and slab so commonly used '^ 
laboratories were also investigated. The material used for it^^^ 
purpose was a stock of Nigerian concentrate from the Bau<^^^* 
district. It was fairly uniform in size, too large for direct wJ^^^ 
by any method, but not so large as gravel. The proportion passixJ^ 
a 60-mesh sieve was small, +20, -f40, +60 indicate the range o^ 
size in about equal proportions. 

50 grm. was carefully reduced to a suitable size by means of the 
agate mortar and, after careful mixing, a 5 grm. charge was taken, 
giving 500 cc. of solution for assay. By a colorimetric assay the 
TiOo per 100 cc. of the assay liquor ^vas 8 milligmms. On an 
aliquot ])art 100 cc. reduced with nickel the percentage of tin was 
70*82, but on another aliquot part precipitated with zinc and 
separated from the titanium the percentage was 70*72 %. Details 
of the separation from titanium with zinc are given later. 

The niuller and slab were cleaned with several lots of concentrate, 
200 fj^rm. of the concentrate was then brought down with the 
minimum of rubbing to a size a little rougher than a Cornish crop 
tin — a quantity was withdrawn for assay purposes, sample I, and 
the renuiinder brought down a little finer, but with care to avoid 
undue rubbing, sample II. 

The slab was a^j^ain cleaned with rubbings of concentrate and a 
further quantity was ground in two stages as lx»fore, giving sample 
Ia and sample IIa respectively. 

The slab was again cleaned with more concentrate, and the 
operation of reducing the sample a third time, giving sample Ib 
and sample IIii. 

Samples Ia and In were not assayed for tin : the other samples 
were, and 5 grm. charges were used as in the case of the agate 
powdered material. The percentages of tin returned were : sample 
I, 69-6 ; sample II, 69*0 ; sample IIa, 70-0; and sample IIb, 70*1. 
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The assays of samples I and II indicate that the slab was not 
sufficiently clean, the concordance with samples IIa and lis that 
a clean slab had been secured. Used with the utmost care the 
muller and slab are decidedly objectionable, and in the hands of a 
lusty laboratory attendant they would be still more so. 

It is clear that there are distinct limitations in the methods of 
preparation of samples and although these limitations are most 
with rich material they persist proportionally with less rich 
material. In the preparation of rich material, such as a sample of 
Cornish black tin, the dry material should be well mixed in a 
Wedgwood mortar, but there must be no grinding. The thoroughly 
mixed sample is transferred to a sheet of paper, levelled off with a 
spatula, and a number of parallel cuts taken with the spatula and 
transferred to a 4-in. agate mortar, where it is reduced to the 
required fineness. 

With intermediate concentrates, which are usually rougher and 

more diverse in composition than black tin, a modified treatment 

2CK2ky be given. The dry material is thoroughly mixed, spread on 

P^per and a quantity cut out as before, and reduced a little in size 

OD a Wedgwood mortar ; but care must be exercised not to powder 

^oo freely — the aim of the worker should be to reduce the propor- 

^^0:11 of oversize material. This reduced material is then cut out 

^>^^ finished in an agate mortar. With rougher material, ^uch as 

st^ipments of alluvial concentrate, most commonly the preparation 

oC tihe sample is performed by professional samplers, and the pre- 

P^-'t^^d samples forwarded to the assayers for the buyers and sellers. 

^ktc common method of crushing with steel rolls calls for investi- 

S^^tiion ; meanwhile, samples so crushed are open to suspicion. As 

* Substitute the old-fashioned bell metal mortar should answer 

^t^^ purpose ; it should be investigated with a copper free material. 

^^ should be used solely as a breaker, not as a grinder. 

£oth in the hydrogen and carbon method, the cassiterite is 

J^^uced to metallic tin — in the Beringer method also to metal : 

hvi^ti as it is more or less alloyed with zinc, it is best regarded as a 

tii:i.~zinc alloy. In the Pearce method, sodium stannate is produced, 

**^^ in the lime method a basic stannate of lime. Where the 

i^^^thod gives a metallic product, solution is effected in strong 

■hydrochloric acid; but when thestannates result solution is effected 

^^ dilute acid, the most easily soluble is the sodium stannate. 

^"here the method yields a metallic product, its solution in acid is 

Mainly stannous, and after dilution to the required volume a short 

Auction (6-10 minutes) is all that is necessary, and is ohviously 

Redirect method. As an indirect method, the solution of the tin 
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may be peroxidized with permanganate of potash (chlorine attack), 
and reduced for a longer period (20-25 minutes). In the Pearee 
and lime methods the opposite obtains, since the solution in hydro- 
chloric acid is wholly stannic, and the longer period of reduction 
with nickel is required ; but the worker has the option in each 
instance of a less direct method, viz., by a preliminary treatment of 
the stannic solution with metallic zinc. The details of procedure 
have been given in the method of standardizing with a standard 
solution of tin. Solution of the melt in a Pearee assay may be 
made with a minimum excess of free acid ; the lime method, too, 
presents no difficulty in securing a solution with but little free acid, 
but not quite so little as in the Pearee method. 

The reduction of a tin solution may be accomplished in two 
ways : (1) wholly with nickel- nickel reduction ; (2) a partial 
reduction with zinc and completed by nickel — ' zinc - nickel ' 
reduction. Either procedure may be followed with any of these 
methods. 

For zinc-nickel reduction about one minute's contact with the 
stannic solution is sufficient, but the precipitation of the tin is in- 
complete. By prolonging the time of contact complete precipi- 
tation is secured, and used in this way furnishes an alternative 
method for the removal of undesirable impurities such as titanium, 
tungsten, cerium, molybdenum, etc. The time for complete pre- 
cipitation is proportional to the amount of free acid. With 100 cc. 
of assay liquor (representing 1 grm. of black tin) from a lime assay 
and containing about 9 cc. free hydrochloric acid a period of 40 
minutes was required, but in a Pearee assay with a 1 grm. charge 
in a bulk of 100 cc. and only 2 or 8 cc. free hydrochloric acid a 
period of 15 minutes was sufficient. 

The substitution of nickel for iron as a reducing agent was an 
improvement and has met with general acceptance ; in the author's 
opinion zinc- nickel i-eduetion is a further improvement. Ferrum 
redactum and alnminium are alternatives to zinc as partial reducers 
but neither admit of a separation. Ferrum redactum used in con- 
junction with the fusion methods has failed badly with low-grade 
Cornish concentrates. In the presence of arsenic the assays were 
V(jry low, and when the material wa« given a preliminary calcination 
to remove arsenic the assays were frequently high. With acid 
cleaned concentrates it is quite conceivable that better results 
would be obtained. 

The worker who uses a large charge, and reduces aliquot parts 
of the solution of the charge, has the opportunity of testing the 
efficiencv of reduction with nickel by the degree of concordance in 
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daplicate titrations. Such a practice ensures that discrepancies 
are located solely to failure of the nickel. It is true that such 
failures are not common, but they do occur oftener than is desir- 
able — whence the preference for zinc-nickel reduction. Examples 
from the record book of such failures are : 17*75 and 18*55, 19*8 
and 19-8, 18-1 and 17-1. 

The efficiency of the nickel may be tested as recommended 
by Beringer ; but this does not ensure that its efficiency is not 
impaired by the assay liquor into which it is subsequently intro- 
duced. Do not tolerate inefficient nickels, but limit the demand to 
as little as possible — a condition which is obtained when a pre- 
liminary reduction is made with zinc. 

But all these precautions, care in grinding, complete solution 
of the cassiterite and care in reduction to stannous may be of no 
avail in the presence of interfering substances. The worker who 
'acid cleans' knows nothing of interferences. The term acid 
cleaning is used in its broadest sense and includes : (1) a short 
boiling with hydrochloric acid, and finally a little nitric; (2) a 
prolonged boiling with hydrochloric acid, as in the method for the 
assay of wolfram concentrate, with the removal of tungstic acid by 
means of ammonia or dilute soda ; (8) fusion with bisulphate of 
potash. When to use any of these methods is determined by 
experience and a knowledge of the source of the material. 

With an unknown material the liquid from the acid cleaning 
must be tested for tin by the usual sulphuretted hydrogen separ- 
ation. There is an alternative method which is simpler and more 
expedient. The boiling liquors are precipitated with ammonia, 
filtered and the precipitate well washed. The washed precipitate 
is redissolved in a sufficient excess of hydrochloric acid, diluted to 
about 150 cc. and reduced with a nickel coil. 

The product from the bisulphate fusion is best leached out with 
the addition of hydrochloric acid and water and filtered. The 
filtrate requires testing for tin. 

Interference may result from different causes — e.g. (1) a deposi- 
tion of sediment on the nickel whereby its efficiency is impaired 
and the complete reduction to stannous is not secured ; (2) the 
sediment deposited may contain tin; (8) the sediment if in sus- 
pension in a finely divided state may consume iodine; (4) the 
impurity remaining in solution may consume iodine directly or 
indirectly by an induced reaction. Tungstic acid is an example of 
induced reaction. There are other induced reactions of which it 
cannot be said that any particular impurity is the cause, which are a 
summation of conditions inducing consumptioix ol '\c>dJm^, ^\K^ki 
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some concentrates the assays are lower when acid cleaned than 
when not cleaned ; solubility of the tin contents is no explanation, 
for in the examples in the aathor*s mind no tin was found in the 
acid liquors ; nor were the impurities present in sufficient quantity 
to supply a reasonable explanation. 

With other kinds of material acid cleaning is a precaution against 
variable assays. In the absence of acid cleaning the results may 
be erratic and the assayer invites trouble who persists in taking the 
easy way of omitting to clean with any and every kind of tin 
concentrate without any knowledge of its composition. 

The efifect of impurities may be studied by synthetic methods or 
by analytical methods. By synthetic methods solutions of the 
impurities may be added to a solution of tin of known strength, 
or minerals of known composition may be added to tin concentrate 
of known quantity. By analytical methods the assay is made with 
the impurities present and compared with the assay with the 
impurities removed. Both methods must be considered in arriving 
at conclusions. 



Synthetic Studies op tbr Effect of Impubities. 

A stock solution of a clean tin ore was used such that 100 cc. 
1 grm. black tin and contained about 9 cc. HCl per 100 cc. 





Vol. of tin 


HCl 


Impurity added in 


Nature of 


Period of 


Iodine 




solution used. 


added. 


milligrmniR. 


Reduction. 


Reduction 


required 




cc. 


cc. 






min. 




1 


100 


30 




Nickel 


20 


714 


2 


100 


45 


— 


>i 


20 


71-6 


3 


100 


45 


— 


Zinc nickel 


10 


71-6 


4 


100 


45 


25 A82O3 


Nickel 


20 


71-5 


6 


100 


45 


50 „ 


If 


20 


710 


6 


100 


45 


25 WOs 


• 1 


20 


71-85 


7 


30 


45 


65 „ 


M 


20 


21-7 


8 


30 


45 


125 „ 


»» 


20 


21-75 





80 


45 


125 „ 


>« 


20 


67-8 


10 


20 


65 




Zinc nickel 


10 


14*35 


11 


20 


70 


1 180 Copper 
(400 Iron 


Nickel 


20 


7-25 


12 


20 


70 


»» 


» » 


20 


6-5 


13 


20 


90 


»t 


>» 


20 


11-4 


14 


25 

■ 


50 


( 100 Copper 
i 50A?2O3 


f « 


20 


150 


15 


100 


45 


!25Cu,26As^O.„30WOa 


♦» 


20 


71-4 


16 


100 


45 


70 AmMoOj 


«» 


, 20 


72-2 



Tumfstir Acid, — The interference of tungstic acid is confirmed. 
O! the various methods of assay the conditions of the experiments 
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Would be most nearly realized in the Pearce assay. With the 
alkaline fusion wolfram and scheelite are converted into easily 
soluble tnngstates, but it is quite possible that with arsenic, silica, 
etc.» present in the sample more complex acids, and less readily 
decomposed with acid to yield precipitated tungstic acid, such as 
arseno-tungstates, silico-tungstates, etc., would be produced. There 
is no evidence, however, to prove that a very soluble tungstic acid 
gives a greater interference than the colloidal. For exact deter- 
minations it is obvious that tungstic acid should be removed. In 
the Beringer assay the conditions are modified by the fact that 
wolfram is reduced to a metallic product with only a slight sohibility 
in acid. In the lime method the attack is not so vigorous as with 
the caustic alkalies, and a digestion with dilute HCl will dissolve 
out the stannate and leave the tungstic acid in a form suitable tor 
removal by filtration. In the Pearce assay it is not always possible 
to remove the tungstic acid by filtration : when complex tungstates 
axe formed the solubility in hydrochloric acid is very pronounced. 

Arsenic. — With this impurity it is difficult to avoid low results. 
There are two possible explanations. The deposit on the nickel 
may impair its efficiency and the complete reduction to stannous is 
n.ot attained ; on the other hand the black deposit may carry tin and 
in the author's opinion probably does, but no direct determinations 
appear to have been made. The author's general experience with 
assays on rank arsenical material without acid cleaning has not 
l>een very encouraging, and some of those experiences cannot !)(' 
satisfactorily explained other than by a loss of tin in the precipitated 
sediment. In high-grade concentrate the smelter discourages othei- 
t^han small amounts of arsenic, 0*25 % or less ; in intermediate con- 
centrate, especially if not calcined, large proportions of arsenic man 
he present and are better removed. 

Copper, — No apology is needed for titrations 10, 11, 12, 13 and 14 
after Beringer's remarks with respect to copper. On page 302, 
Tram.^ vol. xxii, he says : — * And copper ores should be treated witli 
acid before assaying for tin, for reasons discussed later in sonio 
comments on the behaviour of stannine.' The comments on page 30 1 
are — * Low results may easily be obtained by the method of nickel 
reduction followed by titration w^ith iodine, if unreasonably dirty 
liquors are worked upon.* Thus igrm. charges of stannine (con- 
taining 26% tin) will give hopelessly low and irregular results if 
they are merely dissolved in the flask, reduced with nickel and 
titrated. The difficulty will almost certainly be removed by a litth 
systematic investigation, and there is no difficulty in getting good 
results from stannine by boiling up with nitric acid and running' 
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the assays as an acid cleaned concentrate. There are other grounds 
for acid cleaning, and its lack of effect must he determined on 
unknown material before it is omitted. There are cases in which 
the effect of fusion with an alkaline bisulphate should be tried: 
in these cases tin must be recovered from the liquor, for some tin 
from cassiterite is made soluble in the fusion. 

The erratic behaviour of copper in the synthetic studies is met 
in the assay of concentrate containing more than small per- 
centages. Three samples, A, B and C, are taken from the same 
mine. A and B are intermediate concentrates, not calcined, and 
would contain from 18 to 14% sulphur, 10 to 11% copper, and 
some arsenic. C is a concentrate produced from the 'burnt 
leavings * of the mine and contained fully 15 % copper. 

The assays of A and B were by the lime method ; A returned 
22-76 % tin when acid cleaned, and 18'7 % Sn without cleaning, 
similarly B returned 23-06 % and 17*86 % tin respectively for 
similar conditions. 

Concentrate C gave 16 % acid cleaned, 15*86 % without cleaning : 
the referee on the reference sample returned 15*0%. These assays 
were supplemented by a Pearce assay with 2*6 grm. of uncleaned 
material. The solution of the melt was made up to 260 cc. 100 cc. 
of the stock solution reduced with nickel gave 16*6%, a second 
portion of 100 cc. reduced with zinc-nickel gave 15*05%. In the 
zinc-nickel reduction the copper precipitated along with the tin by 
the zinc refused wholly to dissolve subsequently in the stronger 
acid, and there are good reasons to believe that it retained tin. 

When small charges are used the amount of copper (and of other 
imparities) in the solution is reduced in quantity and less likely to 
give disturbance. Wraith t and Teed, workers with small charges, 
evidently encountered difficulties not recorded in their published 
assays, for they say with respect to copper : — * It is impossible to 
state at what percentage it is necessary to adopt special precautions ; 
but when copper is associated with tin, the assayer should remove it 
by giving the ore a preliminary treatment with nitric acid. By 
comparing this result with that obtained when no nitric acid 
cleaning has been used, he will be able to decide whether such 
treatment must always be adopted on this class of ore.' 

There are no difficulties in the way of the removal of copper, 
arsenic, and tungsten ; the author's preference is for acid cleaning 
rather than by alkali for the latter. 

Titaniiuu, — With respect to the interference of titanium the 
position improves with experience. It has been accepted that the 
period of reduction with nickel is an important factor, a short 
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redaction gives less interference than along one. The last word 
bas yet to ho said. Much valuable information may be obtained by 
adopting the practice of working with large charges and reducing 
an aliquot part by nickel or zinc-nickel, and comparing this with 
the value of another aliquot part after a separation of the tin 
from titanium with zinc. Some workers state that titanium does 
not interfere, others that it does, and amongst the latter there is a 
difference of opinion as to the degree of interference. There must 
be a reasonable explanation for such diversity of experience. The 
author's experience has been such as to enable him to sympathize 
livith both theories. The principal factors appear to be : (1) the 
brand and purity of the nickel used ; (2) the period of reduc- 
tion ; (8) the manner of making the actual titration ; (4) the 
concentration and acidity of the assay liquor. 

At one period thin sheet nickel was purchased from Messrs. 
Baird & Tatlock, London. Cut into lengths 9 in. x 1} in. the 
material was easily rolled into coils, and for many years no other 
was used. At a later date ready-made coils of thicker material 
iind larger area were purchased from the Metallic Compositions 
Co., London, and at a still later date ready-made coils from the 
Metal Coverings Co., London. Reviewing the whole of the author's 
experience of titanium, the Baird & Tatlock nickel is characterized 
by little or no interference, the other brands were associated with 
all the instances of high interference, but it was not characteristic 
of the whole of any particular batch of coils ; the problem seemed 
very elusive. 

Two distinct cases of titaniferous material, one a poor and the 
other a rich material, came under examination during the period 
when Baird & Tatlock nickel only was in use and before the titanium 
question became acute. The poor material was assayed by the 
Beringer method, with the titanium present, and with it removed 
by the bisulphate fusion. The liquors from the bisulphate fusion 
were free from tin and both assays were in very close agreement. 

The rich material (agate powdered) was assayed by the Beringer 
method, but the tin solution from the zinc- tin alloy was first peroxi- 
4ized with permanganate and then reduced with nickel. The assay 
was returned at 60*6 % — two other assayers had reported 64 to 
65 % — with the prominence given to titanium recently this 
material was re-examined. The results were with titanium present 
60*66, 60*6 and 60*68, on charges of 5, 2*5 and 1 grm. respectively ; 
with titanium removed by evaporation with hydrochloric and 
hydrofluoric acid 60*6%, of which 0*2% was in the ft\iot\d"ft^QV\i.\Kssti. 
At the period when Messrs. Wraight and Tee^'% ^w^«t ^^w^ 
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published, both Baird & Tatlock nickel and the Metallic Compositions 
Company nickel were in use ; this added to the general confusion. 
The net result was that, as a precautionary- measure, the author 
retained an open mind with respect to titanium interference, and 
commenced fresh investigations. In a preliminary series of titra- 
tions (Series A), the effect of time and brand of nickel was dealt 
with. The titanium added was as a solution of rutile, and in some 
instances ilmenite, dissolved in fused bisulphate, etc. The tin 
solutions were surplus assay liquors ; titrations, 4 to 10 inclusive, 
were with the same solution ; 11, 12 and 18 on another. Titra- 
tions, 4 to 18, should only be taken as comparative as the value of 
the two solutions without titanium was taken from earlier deter- 
minations. 

Titanium. — Series A. 



Time of 
Reduction. 



Brand of Nickel. 



TiOa added 
in niilli^'rni. 



lodin* 
required. 



Iodine required 
without Tii»a. 



1 


45 


M. Comp. Co. 01(1 Stock 


50 


72-4 


71-2 


2 


20 


n »» »» 


50 


68-35 


67-55 


3 


20 


»• ♦• »» 


50 


76 6 


75-2 


4 


20 


»» »» »» 


100 


32-9 


32-55 


5 


20 


,, ,, New Stock 


100 


32-7 


32-55 


6 


20 


Baird & Tatlock 


100 


32-55 


32 55 


7 


40 


»? « » 


100 


32-75 


32-55 


8 


20 


> » ?i 


50 


32-55 


32-55 


9 


20 


»» »• 


50 


260 


260 


10 


20 


»i »» 


50 


16-25 


16-25 


11 


40 


M. Comp. Co. New Stock 


100 


32-40 


31-9 


12 


20 


•» M " 


75 


64-60 


63-85 


13 


20 


Baird & Tatlock 


75 


64-20 


63-85 



Under zinc-nickel conditions of reduction a duplicate of No. 1 
gave 71'5 cc. (M. Comp. Co. nickel), a duplicate of No. 10 gave 
16-8 cc. (Baird & Tatlock nickel) ; in a third titration, with TiO^ 
absent 67*4f3 cc, but with 75 mg. TiO^ added 68-3 cc. (Baird A 
Tatlock nickel). 

In these three experiments zinc strip was used, and as a result 
in the third experiment, with the large amount of tin, a prolonged 
boiling of the sponge of tin with the acid liquors was necessary to 
redissolve it. It would appear that a prolonged digestion with 
metallic tin is as objectionable as with nickel. Zinc powder is 
more suitable than strip. The working notes of the period with 
respect to the manner of using zinc powder are : — 100 cc. of tin 
liquor (containing about 9 cc. HCl) were measured carefully into an 
8-oz. pear-shaped flask, 4 grm. zinc powder added and warmed. 
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46 cc. HCl were added cautiously and brought to the boil, the 
nickel coil inserted and boiling continued for 5 minutes after the 
metallic precipitate had redissolved. A test of this procedure with 
lOO cc. of tin solution with 60 mg. TiOj added and 100 cc. without 
XiO, was successful, 62*5 cc. iodine being used in each. 

This procedure was followed subsequently, except that after the 
addition of zinc powder raising of the temperature was deferred 
till after the addition of the 45 cc. HCl. 

^ith the experience gained in Series A, two other Series B and C 
were made. In Series B the tin solution was such that 100 cc. 
represented 1 grm. of tin ore, and the iodine solution of strength to 
correspond 100 cc. = l grm. of tin. In Series B the tin and iodine 
solutions were half as strong. For practical purposes the cc. of 
iodine used in each series may be taken as percentage of tin. 

The titanium added was as a solution of rutile. The initial 
»>^ik before production was in all cases 170 cc. The value of the 
^*D solution was determined in duplicate, one reduced with nickel, 
*^e other with zinc-nickel, the amount of free HCl in all cases 
^oulci be represented by 50 cc. HCl. The period of reduction with 
^*ckel was 20 minutes from the time of bleaching. The tin 
solutions were free from TiOj by a colorimetric test. 

Titanium. — Series B. 





Vol. of Tin 


TiOfl added 






Iodine 




1 Solation 


in 


Brand of Nickel used. 


Nature of Reduction. 


used in 




ased. 


milligrams. 






cc. 


1 


100 cc. 


nil 


Baird A- Tatlock 


Nickel 


67-9 


a 


,, 


nil 




Zinc-nickel 


(57-9 


a 




1-25 




Nickel 


08-0 


4 




2-5 




If 


08-1 


5 




60 




f » 


68-1 


6 




60 




Zinc -nickel 


67-9 


7 




10-0 




Nickel 


68-1 


H 




100 




Zinc-nickel 


67-85 


9 




150 




Nickel 


G8-3 


10 




26 




f ) 


68-2 


11 




26 




Zinc-nickel 


07-95 


12 


** 


50 




Nickel 


68-1 


13 




60 




Zinc-nickel 


68-0 


U 




20 




Nickel— 2 coils 


08-2 


15 




20+160Fe 


,, 


Nickel 


08 -li 


1(5 




25 


M.Comp. Co. (new) 


»» 


68-15 


17 




20 


(old) 


»» 


68- :j 
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TnAKiuM. — Skubs C. 



^^ 


Vol. of Tin 


Ti0.add«d 
inalllifnma. 


Bnnd of Ntekel 


NatoMof 


ltd 




Solotton oMd. 


QMd. 


RodoetfOB. 




1 


100 00. 


nU 


Baixd ft TftUoek 


Zinoniokel 




2 




nU 




Niokel 




8 




6 








4 




10 








6 




16 


t f 






6 




90 








7 




60 








8 




50 




Zine-niekel 




9 




50 




Niokel and 3 ootb 




10 




50 


M. Comp. Ck>. 







The position, with smaller quantities of tin and inc 
titaniuuiy is given in Series D. The tin solution and iodine 
tion were both of strength, roughly, 100 oo. = 1 grm. 

TiTAMiuM. — SsBms D. 





Vol. of Tin 
Solution naed. 

25 


TiO, added 
in miuignuni. 


HCl added 
in CO. 


Initial Bolk. 


li» 


1 


nil 


45 


170 




2 


25 


200 


45 


170 




3 


25 


50 


45 


170 




4 


25 


200 


70 


170 





Nickel only was used for the reduction in all four instan( 
experiment 4 bleaching of the blue coloration was pron< 
and too great an acidity appears to have a bad effect. 

The experiments with 100 cc. of tin solution give a low 
of interference in which zinc-nickel reduction comes on 
creditably. Area of nickel as shown where two coils wei 
instead of one does not appear to count. With the pai 
samples of coils used there is no marked difference betw€ 
two brands of nickel, and the matter would have been con 
disposed of except for the receipt of coils from another souri 
The Metal Coverings Co. It is characteristic of some of it 
from this source that a fine black scum is liberated from the 
during reduction even in very clean liquors— this character 
retained during its life. Such a coil was selected for a te 
titanium. 

100 cc. of a tin solution without titanium reduced by zinc 
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(S>surd & Tatlock) required 71*6 cc. iodine, the same quantity of tin 
sol^vjition with 60 mg. of TiO^ added and a 20 minute reduction 
wm't^li the Metal Coverings coil required 72*8 cc. 

lin all these titrations the author's practice was to run in the 
io^l ine to within a cc. or so of the required quantity without agitation, 
tlm^^n agitate gently and finish the titration little by little but 
8{»^3>edily. As a variation the alternative method was tested, viz., 
tbM.^^ iodine run in briskly with gentle agitation at the same time. 
Fcz^-b: this purpose the same batch of the Metal Coverings Co. coils 
w«fc^jused. 

"Vith too cc. of tin solution, 50 mg. TiO.^, 46 cc. HCl and 
ii*i*ial bulk of 176 cc, and a 20 minute reduction 71*7 cc. iodine 
w^jre required as against 71*6 without titanium. 

There still remained the question as to what effect would be pro- 
dvioed in the titration when the nickel coil was allowed to remain. 
Tbe previous experiment was repeated except that a Baird and 
^^tlock coil was used and left in the reduced liquor — 71 86 cc. 
iodine were required ; with half the quantity of tin solution and 
®^ cc. HCl, 86'0 cc. iodine were required. In the first of these 
®^periments with the nickel left in the liquors there was rapid 
bleaching of the blue coloration, but no bleaching in 10 minutes 
after removal of the nickel. The presence of titanium rather 
s^irnulates the rate of reduction with nickel than retards it. 

I^ all these synthetic experiments solutions of tin ores and 
solutions of titanium minerals were used. The synthetic method 
^^* next extended to the study of the effect produced by adding 
^'*^© minerals rutile and ilmenite respectively to tin concentrate of 
* tigh degree of purity. A preliminary assay indicated about 
* %, and it was assumed that any small amount of titanium in it 
^oul^ be rutile, as is most frequently the case with cassiterite from 
^^Miish lodes. With the particular method of assay adopted 
""•^tile does not pass into solution. 

^he rutile used for addition was powdered crystal of good purity ; 
^^ ilmenite contained approximately 40 % TiO,. 

^hree charges, each of 6 grm., and one of 1 grm. were carefully 

^^^^hed out. To one nothing was added, to the second 260 mg. 

^* powdered rutile, to the third 600 mg. of powdered ilmenite, 

^^ to the fourth — the 1 grm. charge — 4 grm, of powdered ilmenite. 

^^h charge was mixed with 6 grm. of clean lime and heated 

^ the Bunsen furnace for 20 minutes. The cold charges after 

firing were dissolved in 60 cc. HCl, diluted with 16 cc. of water 

Uid well boiled. The extracts after dilution were filtered through 

asUess papers into 500 cc. graduated flasks, washed, etc., and the 
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solution diluted to 600 cc. The weight of each residue was 
determined, mixed with more lime, retired, etc., and the small 
quantity of tin in each estimated separately, calculated to SnOs, 
from which the weight of real residue could be calculated. 

With the four stock solutions of tin, 500 cc. each, titrations were 
made in duplicate — one with nickel, the other with zinc-nickel 
reduction. A determination of the TiO,, in each solution, was made 
by the usual colorimetric method. 

Tabulated Data of the Four Assays. 



No. of 

Assay. 



Weight of 

residue, 

less SnOtj. 



Tinas 
per cent. 

in 
residue. 



TiOa per 100 

cc. of assay 

liquor. 



I. 
tl. 

HI. 

IV. 



•0607 grm. 
•8120 „ 



•8885 



2-774 



>» 



'» 



Iodine in 
CO. per 100 
cc. of assay 
liquor and 

nickel 
reduction. 



•26 
•15 
•06 
•11 



nil 



nil 



6 mg. 



77-65 



77-7 

77-H5 



Iodine in 
cc. per 100 

00. assay 
liquor zinc- 
nickel 
redaction. 



*77-65 



i 



25 



>» 



115 



65 



77-8 



77-85 
15-65 



* Another 100 cc. with 15 mg. TiO^ added in solution required 77*85 cc. 

-f Three estimations in all were made — two with Metallic Composition Co.'s 
nickel, each required 15-65 ; the other with Baird & Tatlock nickel required 
15*55 cc. Otherwise coils from the Metallic Compositions Co. were used through- 
out the series of assays. 

The standardizing of the iodine solution with metallic tin gave 
100 cc. = 0*99 grm. Sn, with pure white arsenic gave 100 cc. = 
0-979 grm. Sn. 

The assays worked out at 77-16, 77-12, 77-18, and 15-59% 
(should be 15*^8 % as calculated on Assay I). 

The weight of rutile recovered in Assay II was 251 mg., 
and the weight of ilmenite recovered in Assay III was 828 mg., 
and as only 25 mg. of TiO^ actually went into the whole of 
the 500 cc. of assay liquor, it is evident that splitting off of 
iron oxide from the ilmenite had taken place. The weight of 
ilmenite recovered in Assay IV was 2*762 grm., and the total 
TiOj . in solution in the assay liquors was 125 mg. ; here 
again splitting off of iron oxide from the ilmenite is pronounced. 
This shows that in the lime assay rutile may be disregarded, also 
that with ilmenite there is a limited degree of attack, but apart 
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from this, the figures are of general interest inasmuch as the 
amount of TiO, in the assay liquors is definitely reported. 

There still remains the consideration of titanium from the 
analytical point of view. Two examples will sufiice, one a high- 
grade concentrate, the other a typical low-grade Nigerian con- 
centrate. The high-grade concentrate has been referred to in the 
muller and slab experiments, giving an assay of 70*82 %, with 
titanium present, and 70-78% with the titanium removed by separa- 
tion with zinc. 

The low-grade concentrate was brought down with the muller 

and slab to a convenient size in order to minimize possible sampling 

errors. The absolute value of the sample is therefore speculative 

hut for the purpose the comparative assays are sufficient. Two 

assays were put in hand with 5 grm. charges and 6 grm. of lime, 

the tin in the residues from the main assay was determined 

separately. The first assay was with the titanium minerals 

present, the second with the titanium removed by a bi sulphate 

fiision ; the bisulphate liquors contained no tin. 

Low-grade Nigerian Concentrate — Comparative Assays. 

I. With titanium present 5 grm. charge in 500 cc. The TiOa ^^ 
100 cc. of assay liquor = 10 mg. The residues = 0*28 % tin. 

a 100 cc. reduced with M. Comp. Co. nickel — 15 minutes, 

19*6 cc. iodine. 
b 100 cc. reduced with Baird & Tatlock nickel — 15 minutes, 

19*6 cc. iodine. 
c 100 cc. separated on zinc from titanium liquors, 19*65 cc. 

iodine. 

% of tin calculated on a and 6 = 19*6;^. 

II. With titanium removed by bisulphate fusion 5 grm. change 
'^ 500 cc. The TiO^ in 100 cc. solution— nil. The residues = 
0*26% tin. 

a 100 cc. reduced with M. Comp. Co. nickel — 15 minutes, 

19*6 cc. iodine. 
b 100 cc. reduced zinc-nickel without separation, 19*6 cc. 

iodine. 

% of tin = 19*66. 

, Whatever lingering doubts may remain as to the interference of 
Itanium, there can be none when the tin is separated as metal and 
i^edissolved, but the conditions must be such that basic salts are 
not precipitated. In the synthetic studies of impurities — except for 
Itanium — the conditions were those of the usual reduction with 
Nickel, and for that reason the matter would be incomplete without 
similar experiments with reduction by zinc-nickel. 

A stock solution of tin was used and solutions of sodium tung- 
8^te, copper sulphate and white arsenic were added so that the 
*^ount of tungstic acid, copper and arsenic ox^vie vf ete Vltio^tl. 
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Synthetic Studies of the effect of Impubitibs — Zinc-nicK-*^ 

reduction. 





Vol. of Tin 


Weight of impuritj 


Nature of 


Iodine us< 




Solution taken. 


added in milligram. 


Keduction. 


in oc. 


1 


25 CC. 


Zinc-nickel 


16-9 


2 


100 „ 




»> 


67-6 


3 


26 „ 


GO WO3 


Nickel 


16-9 


4 


26 „ 


60 „ 


Zinc-nickel 


17-2 


«5 


25 „ 


60 „ 


Nickel 


'170 


6 


100 „ 


i 60 „ 


11 


67-8S 


7 


100 „ 


60 „ 


Zinc-nickel 


68-60 


H 


«0 „ 


150 „ 


>» 


55-7 


9 


25 „ 


50 copper 


>> 


16-9 


10 


25 „ 


80 A&A 


9) 


170 


11 


100 „ 


30 AsaOs 

i 


»> 


68-4 



m 
he 
ed 
in 



of 

1)6 



* 10 CC. more HCl used than in experiment 3. 

With copper present within limits the reduction is more cert 
and there is no interference, hut with amounts so large that 
whole of the precipitated copper fails to re-dissolve in the acidi 
solution, some tin is retained and the titrations would be low, as 
the case of the ' Burnt Leaving * concentrate. 

Arsenic appears as a consumer of iodine notwithstanding the f 
that the solutions were freely acid (55 cc. of HCl in a bulk 
155), and judgment on the effect of arsenic generally must 
suspended. For the present it would be better to depend on fa<^^^ 
based on experience. As a matter of prudence it would be bet*^*^ 
to remove other than small quantities. At this point it wo^:*-^ 
be convenient to take what the author would prefer to caH-_ , 
study rather than an assay by the Pearce method. The inatei* 
was a sample of slime concentrates ; its source is not definit^^ ^ 
known except that it is Cornish and probably prepared from '•^ 
regrindinji^ of tailings. Tungstic acid is for practical purpo^^". 
absent (0-3 ^o), copper, arsenic and sulphur are present in sn^ ^ 
amounts. There was nothing in the appearance of the sampl^^ _ 
suggest acid cleaning. A charge of 2*5 grm. was fused '^^ ^ 
sodium peroxide. For the purpose the nickel dish, 2 in. di 
was mounted in a sheet of asbestos millboard with a hole in 
centre so that about § in. of the dish projected above the i^^ 
board, which rested on top of a tripod. By this means 
bunsen heat could be applied to the lower part, the upper part of 
nickel crucible remained comparatively cold and creep of 



al 



HI. 

mil- 
he 

be 

he 
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s avoided. The sodium peroxide was by measure, an A 
ling oup full, of which about one-third was added to the 
ish, the weighed charge was carefully transferred to the 
ad covered with the remainder of the peroxide, 
ish was covered with a piece of flat nickel about 2^ in. square 
11 bunsen heat applied till the mass had fused on top and 
the charge ; the bunsen heat was then raised nearly full 
linutes. When cold the melt and lid were treated to dis- 
) stannate. In a suitable size beaker containing a mixture 
. water and 80 cc. HCl, the lid cleaned first was free from 
I. The lid was removed with a slight wash with water, then 
I crucible with melt was carefully introduced into the 
overcd with a clock glass. The melt soon dissolved, the 
3 removed after washing with a little water. A small 
>f cassiterite remained ; it was recovered by filtration, and 
I solution of tin diluted to 250 cc. The residual cassiterite 
d separately contained 7*5 mg. of tin = 0*8 % Sn. Two 
of 100 cc. each of the stock tin solution were assayed for 
by zinc-nickel reduction required 68*75 cc. iodine ; (2) pre- 
completely on zinc, filtered and re-dissolved, etc., required 
odine. In both titrations a certain amount of sediment was 
I in the reduced liquor ; each was a dirty liquor for titration, 
second experiment the liquors, after titration, were filtered 
fully washed. The recovered sediment by assay contained 
tin. Thus, despite the concordance in the two titrations, 
•e undoubtedly low. The interference of tungstic acid is 
rith zinc-nickel reduction, from the fact that redaction of 
}ticacid proceeds beyond the blue compound to the brownish 
id. It has full effect in the Pearce assay, a variable effect 
[me assay according to the fineness of subdivision of the 
in the sample. A sample of crop tin containing from 
WOg was assayed by both methods. The Pearce assay on 
charge with zinc-nickel reduction returned 70*75 % ; the 
\y with zinc-nickel reduction returned 69*75 %, but it was 
in this assay to remove the greater part of the tungstic 
iltration, whereas in the Pearce assay it was not possible : 
bility of the tungstic acid was too pronounced. 

next example, a typical slime concentrate from the Red 
•ntaining 8*1 % WO3 a Pearce assay gave 40-25%, and a 
lay 40*0 %, both on uncleaned material ; on acid cleaned 
without a complete removal of the wolfram a Pearce assay 
S6%. In these three assays the reduction was with nickel 
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xiKrj&Kcr 


(UC /\99AX: 


". — iLiiwt;-, 


Ll lUJi 


CJU £^ lSilM<J 


n) — vuniini 


lieu. 


Q; 






1 


O 




■ 






Bayei*g 


Reference 


Diflerence | 


1*6 


Bayers 


Reference 


Diflerence 


t 


Assay. 


Assay. 


from Seller. ; 

1 


t 

52 


Assay. 


Assay. 


from Seller. 


29 


18-88 


19-64 A 


1 
+ -36 j 


18-66 


17-67 D 


+ 2 33 


30 


18-89 


19-95 A 


+ -05 ! 


53 


18-75 


19-69 C 


+ -31 


31 


18-51 


19-44 A 


4- -56 


54 


18-36 


18-86 D 


+ 114 


82 


18-99 


19-91 A 


-f -09 


55 


18-50 


19-02 D 


+ -98 


H3 


18-8S 


19-78 A 


-f -21 


56 


18-42 


18-58 A 


+ 1-47 


34 


18-80 


20-6 C 


- -60 


57 


18-74 


19-47 A 


4- -53 


35 


18-57 


20-08 C 


- -08 : 


68 


18*70 


19-24 A 


4- *76 


36 


18'8r. 


20-00 A 


± 0- 


59 


18-43 


19 37 A 


4- -63 


37 


18-6S 


19-47 A 


-f -53 


60 


18-90 


19-31 E 


+ -69 


38 


18-57 


19-75 A 


+ -25 


61 


18-61 


21-64 C 


- 1-64 


39 


19-08 


19-39 C 


+ -61 


62 


18-45 


18-92 D 


+ 108 


40 


18-39 


20-86 C 


- -86 ' 


63 


18-73 


18-98 A 


4- 102 


41 


18-44 


19-35 E 


-f -65 


64 


1803 


18-8 C 


+ 1-2 


42 


18-37 


19-48 E 


+ -62 i 


65 


18-97 


19-38 A 


+ -62 


13 


18-89 


18-82 D 


-f 118 


66 


18-80 


19-31 A 


+ -69 


44 


18-63 


19-61 D 


+ -39 


67 


18-71 


18-71 E 


4- 1-29 


45 


18-80 


2006 C 


- 06 


68 


18-63 


19-03 D 


4- -97 


46 


18-72 


20-22 C 


- -22 


69 


18-75 


19-48 A 


4- -52 


47 


18-33 


18-68 E 


+ 1-32 


70 


18-43 


18-6 C 


4- 1-4 


48 


18-5C> 


19-33 A 


+ -67 i 


71 


19-54 


18-6 C 


4- 1-4 


49 


18-78 


19-75 C 


+ -25 


72 


18-56 


19-09 C 


4- -91 


50 


18-23 


18-63 E 


f 1-37 


73 


18-53 


18-51 D 


+ 1-49 


51 


18-63 


18-86 D 


-H 114 











With the reference assays as a general guide the change from 
nickel reduction to zinc-nickel reduction has eliminated low assays 
and incidentally brings the author in a general way above them. 
In the zinc- nickel period of some of these samples with the 
smaller range of difference it is possible to carry the investigation 
further. In an exchange of assays with one of the referees on a 
sample which needed no grinding there was complete concordance ; 
but subsequently in an official capacity the same referee gave bis 
verdict on a reference sample with about the average difference of 
0-7 % lower than the seller. The referee afterwards admitted that 
the difference in part might be accounted for by the method used 
for the preparation of the sample for assay. It was coarser 
material than that on which the friendly exchanges had been made, 
and the procedure was such as would not have been adopted with 
richer material. 

In another instance, where the product would pass a 200 mesh 
and wolfram was absent, the difference between seller and referee 
disappears with a re-assay by the seller on acid cleaned material — 
this being one of the rare instances where an assay was returned on 
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cleaned material. Small but constant differences may arise on 

& point of standardizing : in the case of samples 29 to 73, standard- 

izixig with white arsenic lowers the seller's assays by approximately 

The simplest correction is to add — '26 to the proportional 

terences. Thus taking the first dozen in this list, which now 

l:-f 86, -(--OS, -h-Se,-!- -09, +-21, --60, -08, ±0, f -58, +-25, 

-h- -61, --86, corrected would read +-11, -20, + 81, --16, -01, 

— -«5, --88, -•25, -f-28, ±0, +-86, -1-11, and the deviations 

froBi the mean value of seller and referee would be -05, -10, IT), 

-OB, -02, -42, -16, -12, -14, 0, -18, -55. All these small diffoiencos 

ixiay be traced to slight differences in procedure, rather than to 

fundamental differences in the methods used for the assav. Some 

<^lata relating to richer material may be given with advantage. 

^^ive consecutive parcels of black tin from the same mine were sold 

on the wet assay. Except for a small percentage of copper, there 

^ere no other impurities of importance. The assays for the seller 

Were by the lime method, 2*5 grm. charges and zinc-nickel 

^^uction ; the assays for the buyers were by the Pearce method 

*nd by an assayer of long experience. 



Sellers Assay 



^^arcel I 


67-4 % 


64-85 % 1 


„ H 


69-15% 


68-75 % 


„ III 


69-80 % 


68-75 % 


„ IV 


72-00 % 


70-60 % , 


„ V 


72-60 % 


72-80 % 



Buyers Assay. ; Reference A>.sh.v 



67-7r, % 



71-95 0/^ 



The variations in the assays made by the Pearce method are 

^^plicable by an occasional lapse with the nickel reduction method : 

^^ilure to secure complete solution of the cassiterite with an 

^^P^tienced Pearce worker is very unlikely, whilst an error in 

S^inding would be common to the whole series. 

Mthough in a paper of this description imperfections figure 

Ptoiiainently, there are good reasons for the hopeful statement at 

^^e csommencement, that workers with a knowledge of the imperfec- 

^ous and weaknesses of the assays based on the iodine titration, 

^^U, if that knowledge is applied, return assays in agreement oven 

'when different methods are pursued. There are also good reasons 

ior a belief that not only will there be concordance with methods 

based on the iodine titration, but that an experienced worker with 

the ferric chloride titration will agree with the worker with iodine. 
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o'clock p,m.'\ 

Hydraulic Tin Miningr in Swaziland. 

By J. Jebvis Garrard, Member, 

^E^ Mineral Concessions now belonging to the Swaziland Tin, 
^-> comprise an area of some 54,190 acres situated in the hilly 
^"^ntry, in the North Western corner of Swaziland, which is the 
*^ly portion of that country in which minerals of value (with the 
^ception of coal) have hitherto been discovered. The township of 
"J^babane, which is the capital of the country and seat of govern - 
^^nt, lies almost in the centre of the property and is about 90 
^iles by road from Carolina in the Transvaal, and about 90 miles 
^*t>ni Goba, the terminus of the Portuguese Railway from Lourenyo 
^^rqnes to the Swaziland border, which railway was built with 
^lie intention of being eventually extended through Swaziland to 
^^^nect with the Transvaal Railway system near Breyten, and so 
^^tm the most direct route from the coast to the Rand. A map of 
**^^ property (together with a key map) is shown in Fig. 1. 

theological, — Geologically the formation with which these alluvial 
?^tK)sits are associated is the older granite of the Eastern Transvaal. 
^i^is rock where exposed as bedrock in various workings is found to 
^ intersected by innumerable veins of pegmatite, quartz veinlets, 
^^^ occasional basic dykes of more recent origin. 

^he cassiterite undoubtedly owes its origin to the pegmatite 

^iiis, and quartz veinlets, which in the order given represent the 

^ti^st stages of consolidation of the granite magma. That this is 

'^ is evidenced by the fact that in one working known as Sanders 

"'^^ek a big pegmatite vein occurred sufficiently decomposed to be 

^J>able of removal by hydraulicking, and a considerable amount of 

'^-^siterite was recovered from this operation. Tin can be actually 

^^^B in thin pegmatites at Rowley and Stable Creeks, in veins 

[^^^yiug from 2 to 8 ft. in width, and the author has also seen some 

*^^^ tin crystals embedded in pegmatite taken from a similar forma- 

^^on some 10 miles away. It may therefore be assumed that 

•^H^se tin deposits represent the effect of a natural concentration of 

^e heavy constituents from the gradual degradation of the pegiua- 

^^te veins in the granite, and along the numerous watercourses of 

tiiis vicinity, where true alluvial deposits have been formed ; whilst 
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up the slopes of these valleys in places are found thinner deposits 
containing sharp-edged alluvial tin. The alluvial deposit proper 
consists generally of from 6 to 25 ft. of soft overburden » containing 
little tin, resting on from 6 in. to 8 ft. of coarse tin-bearing gravel, 
which in some places is associated with large boulders, Ihe whole 
resting on the bedrock of granite which, as a rule, is much decom- 
posed — so much so, in places, that not less than a foot of it becomes 
removed in the process of washing down the tin-bearing gravel to 
the elevating sumps. 

Accessory minerals found in these gravels are ilmenite, monazite, 
euxenite, corundum, and tourmaline. Incidentally, a number of 
8tone implements and arrow-heads have also been recovered. 

Cassiterite crystals, as large as two inches across, have been met 
with in some of the higher-lying Hill Creeks, but the average size 
of grain of the bulk of the tin recovered from the 'Flats ' is 
probably less than one millimetre. 

Historical, — The four concessions under which this property is 
held were granted by King Umbandine of Swaziland in the year 
1887. Little work of a serious nature was undertaken before the 
formation of this company in 1905. In the early stages of the 
company's existence work was almost entirely done on the ' tribute ' 
system, the tributors being paid so much per ton of concentrate 
handed in by them. In July, 1906, the company took over the 
working of the mine on its own account, the method of operation 
consisting of ground sluicing, and the excavation of gravel by hand 
and sluicing it in small 16 ft. sluice boxes. This method was 
tollowed exclusively until 1908, when the company introduced 
hydraulic monitors. These were, however, only used for the 
removal of overburden, and the tin-bearing gravel was still excavated 
by hand and sluiced in the small boxes until 1911, when Mr. Douglas 
Osborne recommended the abandonment of existing methods and 
the introduction of hydraulic elevators to enable the deeper ground 
to be worked. 

It will be understood from the nature of the method of working, 
how costly the production of concentrate up to this point must have 
been. Furthermore, owing to the impossibility of working ground 
below water level, the early miners contented themselves by working 
what they could, down to water level, and consequently left behind 
them a legacy of tailings covering up ground which succeeding 
workers have had to contend against. In other words, to-day in 
almost every working, the company is faced with having to re- work 
ground partially worked previously, too good to leave alone, and yet 
robbed of its primeval attraction through bad work in past years. 
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.' In 1912^ the author was appomted consulting engii^er mi whil^^ 
recognizixig the immense improvaiAeiltdbrbughtakbout b$rthe)eie6oiD_ 
mentetion of Mr. Osborne, decided that even better use of the wateaa 
supply: eould be made by utilizing the large amount of power thei^ 
rntmiug to' wastd over tihe: Mbabane Falls, making the* waste pd 
do the elevating by tneans of gravel pumps, and settinjg^ j^^somuc 
more wat^r f or breaking grounds This scheme was brought intcz 
opeifation in July, 1918, and it is not too much to say that^ but fo^ 
it, the mines would have had to close down two years ago. 

, Phif$ical features'.— The various workings may be classified a^ 
foUowfil: — 

(1) The 'Hill Greeks,' which are long, narrow creeks sitiiatec 
hi^' up in the mountains, at an altitude of some iOO0^j5OOO itssm 
These creeks are for the most p^rt worked by natural head hydrauUckir 
ing daring portions of the year when preiraure water isC availablcai 
The fall in the bed of the creeks is sufficient to durry away Otam 
tailing, so that elevating is unnecessary.- The creeks inola4^ 
Sanders, Bailey, Duncombe, Rowley, Grey% Ntamban, and Foy* ^ 
crdeks. 

(2) The 'Flats/ which are the lower-lying valleys where th^<^ 
fall in the bed-rock is insufficient to carry away the tailing withou ^ 
elevating. These * Flats * may be again subdivided into tw^^ 
portions, viz. : — 

(a) King's Flat, Upper Mbabane Fiats, M'Vundlehla Flats - 
situated close to the Township of Mbabane at an altitude of som^ 
8600-4000 ft., and 

(b) Stable Creek, Manzane Creek, and the Lower Mbabane Flats ^ 
sitdated some five miles south at an altitude of some 2000-2500 ft. 

Water Supply. — The annual rainfall averages about 60 in. Id 
the last ten years the minimum has been 86*46 in., and the maximum 
72-83 in; The supply of water to all the Hill Creeks, with the 
exception of Foy*s, is from the Ntamban Spruit, which is taken out 
high up in the mountains and carried in a water- race. some seven 
miles long, through one tunnel, to a series of storage dams, from 
which it is distributed to the various creeks in subsidiary races. 
The amount of this water is about 225 cub. ft. per min. in the 
wet season, diminishing to about 20 cub. ft. per min. in the dry 
season. This water, after doing its work at Rowley Creek, is settled 
and used over again at Sanders Creek and Bailey Creek. The main 
supply to the flats is from the Mbabane River itself, which only 
rises some two miles above the upper working, supplemented by 
water taken out of the Umbelusi River and brought by a race some 
14 miles in length to the main upper flats, where it is delivered 
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under a head of 150-300 ft. The full capacity of this race is about 
1000 cub. ft. per min., but rarely is more than 800 cub. it. per 
xnin. delivered during the wet season, whilst during the dry 
season this falls off to some 300 cub. ft. per min. 

This water is, however, utilized to the utmost extent as follows : 

(1) It is used under pressure in monitors to break ground in 
the Upper Mbabane Flat and King's Flat. 

(2) After settlement in the big paddocks already worked out, it 
is caught up by another race and taken for use under pressure in 
monitors to break ground lower down at the Mbabane Flats. 

(3) After settling it is caught up at the head of the Mbabane 
Falls (over which it previously ran to waste) and carried in a short 
Tace to the head -box of a pipeline some 2000 ft. long, where a 
portion of it is delivered under an effective head of 500 ft. to a 
Pelton wheel direct-coupled to an electric generator, which supplies 
the power necessary to drive the three gravel pumps ; these elevate 
the gravel, which this same water has already broken down. 

(4) After leaving the tail race of the Pelton wheel, this water, 
together with the overflow from the head box, is taken by another 
water race, carried some four miles farther on to Stable Creek, 
where it is again used for breaking ground, and, owing to the 
quantity being in excess of requirements, also for elevating the 
ground by means of an hydraulic elevator. 

Thus the same water is used three times over for breaking fresh 
ground, and once for generating the power required to elevate the 
ground it has already broken. 

Existing Methods of Working. 

(1) Drilling. — In May, 1911, systematic drilling of the various 

flats ahead of existing workings by means of Empire drills was 

instituted with a view to arriving at some idea of the extent and 

value of the ground remaining to be worked. Altogether up to 

80th June, 1916, 2341 holes had been drilled with a footage of 

30,503 ft., costing 11^^/. per ft., including all transport. Recently 

the cost has been reduced to 5^//. per ft. At the above date 

1,822,984 cub. yd., showing an average value of 1*44 lb. met. tin 

per cub. yd., were proved ahead of existing workings in addition to 

some 2,597,000 cub. yd. of ground in bill creeks estimated from 

resctlts of past work (the ground being too bouldery for drilling) to 

be worth *69 lb. met. tin per cub. yd., thus making a total of about 

4,420,000 cub. yd. of an estimated average vaVvx^ ol I'fti. xcksXiAvw 

per cuh yd. practically assured, with a twrtYvet ^TL\.ctv\» o\ Mva^- 
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bearing ground amounting to 5,000,000 cub. yd., of which the 
quantity has been estimated, but the value not yet proved. Besides 
this, there still remains a considerable extent of ground over the 
enormous area of the concessions which has never been examined 
at all. Drilling is being continuously carried on. It has been 
found that the grade recovered from proved ground was considerably 
belpw the estimated grade, but this is explained by the fact that, 
in the actual course of working, ground outside the pay blocks as 
originally estimated was treated which, although of lower value, 
still paid to treat. This fact is important as, although rendering 
the attainment of the estimated grade indicated by drilling more 
or less illusive, it implies a considerable increase in the amount of 
ground to be actually treated, and a greater total recovery of metal 
in the aggregate. Where work has been strictly confined to ground 
drilled, with few exceptions (as in bouldery ground) the value 
recovered has been, if anything, more than that indicated by drilling. 

(2) Ground Sluicing, — This method of working is employed only 
to a limited extent in places where no water or not sufficient water 
under pressure is available for hydraulicking. Such places occur 
chiefly in the upper portions of the hill creek's and on the slop^ o^ 
the hills flanking creeks, where alluvial or * terrace * tin is found. 
The method consists in loading all available water to the working 
paddock. A tail race is cut through the ground to be worked, and 
a feed race is cut at right angles to the tail race at the most con- 
venient point on the upper side of the strip of ground to be worked. 
The water is then turned in, and both feed and tail races lowered to 
bedrock, if possible. Natives are then placed at 5 ft. intervals 
along tlie feed race, who undermine the bank ahead of them, so 
that the ground falls in big lumps into the feed race, where it ^s 
soon broken up by the water and carried down into the tail race. 
The feed race must always be kept just under the face, so that all 
ground i)icked down falls direct into the water and thus reduces the 
amount of handling to a minimum. Two or three natives, at 
intervals down the tail race, constantly throw out the larger stones 
with forks, and a rough concentrate is periodically thrown out from 
the race to be afterwards dressed down in small boxes, 16 ft. long 
by 18 in. wide, to a grade of about 58% met. tin, in which state it 
is transported to the main dressing plant. In the case of ground 
lying on a steep slope, the whole of the gravel is washed down 
the steep tail race for concentration as above in another tail race, in 
the creek below. 

In places where water is scarce the gravel is shovelled direct into 
the small boxes above referred to. 
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Only about 9 % of the total ground handled is treated by 
this method. The cost of working is much higher than for hydrau- 
licking work, and the amount of ground treated in a given time is, 
of course, much less. 

(8) Hydraulicking under natural head icithout elevating, — The only 
workings where it is possible to employ this ideal method are in 
the following Hill Creeks, viz.: — Sanders, Bailey, Buncombe, 
Rowley and Foy's, and it is only during the wet season of the year 
that this is rendered possible, owing to the falling off of the water 
supply. 

Water races are led from the upper storage dams, along the sides 
of the hills flanking these creeks. At convenient places head boxes 
are constructed, and 8-in. to 12-in. pipes are laid down the hill 
^opes to tl^e bed of the creek below, where the water is used in 
monitors through If -in. to 2^-in. nozzles to break down the banks. 
The nozzle pressure varies from about 551b. to 801b. per sq. in., 
and the height of bank from 6 ft. to 14 ft. No sluice boxes proper 
are used in these creeks, the tin concentrate being collected in the 
tail races, which are periodically cleaned up and the resulting 
Tough concentrate is dressed in small boxes 16 ft. long by 18 in. 
wide to a grade of about 58% met. tin, in which state it is trans- 
ported to the main dressing plant. This method accounts for about 
90 % of the total ground handled, and the total cost of work by this 
method, including head office charges, amounts to i'Sd5d. per 
cub. yd. 

(4) Hydrauliekinyand O ravel Pumping. — This method of working i s 
the principal one in vogue and accounts for about 44 % of the total 
ground handled. It is employed at the Upper and Lower Mbabane 
* Flats ' and at King's Flat. 

The method employed is as follows : The water from the Main 
Mbelusi Bace is led along the slopes of the hills which flank the 
'flats' at a level of from 150 ft. to 275 ft. above the bed 
of the valley. At a convenient point in the race opposite the 
position of the working a head box is constructed from which a 
pipeline consisting of 12-in. to 22-in. pipes is laid down the bill 
slope to the working paddock. Branch pipes are taken off from the 
lower end of the main line and led, as convenience dictates, to tbe 
different working faces, where the water is used through monitors 
or giants to break down the face of the paddock and banks. Tbe 
pressure at the nozzles varies from about 55 lb. to 110 lb. per sq. in., 
fi-in. to 2}-in. nozzles being used. The ground thus broken down 
is led into a temporary race in the bedrock to the sump of tbe 
irravel pump. If the fall is slight a monitor is used to blow tbe 
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gravel to the sump. A few natives fork out of this race some of 
the larger stones and small boulders. The gravel pump (described 
in detail later) direct-coupled to its motor rests on a pontoon 20 ft.- 
square. This when at work rests on the bedrock. A movable 
suction pipe takes the gravel from the sump and the delivery 
pipe discharges it at an angle of some 45^ into a launder, 
supported on trestles, which leads to the sluice boxes placed at a 
convenient point on the bank above the general surface level. The 
height lifted is from 88 ft. to 40 ft. The launder usually discharges 
on to an inclined grizzly over the head of the sluice box, the over- 
size, consisting of stones and small boulders, being delivered direct 
into a truck which is trammed to the dump. The undersize falls 
into the head of the sluice box, which varies from 8 ft. to 11 ft. in 
width and 80 ft. to 100 ft. in length, set to a grade of 1 in 25, and 
is constructed of steel plates bolted together. The sid^plates, 8 ft- 
high, have angle iron slots at intervals of 8 ft. into which 8-in. by 
8- in. deals are dropped to form riffles. 

The amount of gravel elevated averages 24 cub. yd. per hour, 
the amount of water pumped varying from 190 to 280 cub. ft. per 
min. Additional water (not under pressure) is usually led in 
the head of the sluice box to assist in sluicing the gravel through 
the box. Six to eight natives are constantly employed in the 
upper half of the sluice box, loosening the gravel with forks and 
maintaining an even surface. As the bed of gravel accumulates in 
the box it is thinned down by stopping the supply of fresh gravel, 
and the rough concentrate from the upper portion of the box is 
shovelled out to the side periodically, and at the close of each 
month the box is completely ' streamed down,' the gravel from tho 
lower part of the box being continually shovelled up the box 
against the stream of water when the remaining concentrate is 
finally shovelled out. The rough concentrate thus produced is 
streamed down in small boxes about 16 ft. long by 18 in. wide, by 
natives constantly shovelling it up against the stream. Three- 
natives are employed on each box, and they can treat from 12 tons 
to 15 tons per day according to the richness of the rough concen- 
trate handled. This process brings the concentrate up to a grade^ 
of about 60 % met. tin, in which state it is sent to the central 
dressing plant. 

The average labour complement for each gravel pump working 
is 55 natives and one European overseer for 24 hours. It was 
necessary to have a European overseer on each shift at the start 
and for some months after ; but gradually it became possible to 
^mJn natives to do the whole work efficiently. In fact, ono' 
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Enropean overseer has been able to look after two gravel pumping 
plants half-a-mile apart for several months past. 

Each plant is equipped with electric light for night work, and is 
in telephonic communication with the power station and with the 
mechanical staff. When it is desired to shift the pontoon to a new 
site nearer the working face, a cut is made in the face of the 
paddock near the new site for the sluice box. This cut is made 
just wide enough to allow the pontoon to pass. When the new 
site for the pontoon is reached, the cut is widened and the site 
levelled and beaconed ofif with long poles. The whole paddock is 
then flooded to a depth sufficient to enable the pontoon to be floated 
through the cut to its new position. This being accomplished, a 
sod dam is built behind the pontoon across the narrow cut, and a 
water lifter (described later) is used to pump out the water in this 
small paddock now formed, when the pontoon settles on the new 
site prepared for it and work is resumed as before. By this method 
much time is saved that would otherwise be spent in pumping out 
some 8 ft. of water from the whole area flooded. The average 
time lost through this operation of removal is 100 hours. Another 
sluice box has, in the meantime, been constructed in a convenient 
position for the new site, and alterations or extensions to the power 
line and pipelines have been made in anticipation of the removal. 

It occasionally happens that owing to physical conditions, such 
as too great difference of level, or the necessity of removal to a 
site too far away to make flotation possible, it becomes necessary 
to dismantle the whole plant, transport it to the new site and 
re-erect it there. The time lost over such an operation is about 20 
days, and the cost amounts to about £250. 

The general policy adopted in this class of work is always to 
operate up stream as far as possible, allowing the tailing to All up 
the previously worked out paddocks. It may sometimes happen, 
however, that circumstances dictate the advisability of working 
down stream to a small extent, and in that case, if there is still 
workable ground below, it becomes essential to arrange matters so 
that the tailing shall not be allowed to cover up this ground, either 
by conducting the tailing in a race cut specially to by-pass it 
beyond the workable ground below, or by selecting some position of 
unworkable ground, if it exists, building a rough dam round it, and 
conducting the tailing into this dam. The total cost of working 
by this method, including head office charges, amounts to 8*229</.* 
per cub. yd., which includes •4820?. per cub. yd. for power. | 

* See last paragraph under Hydraulicking and H^drauUc Eleoatviv^^ '^.\^. 
t See F^. 2, 3 and 4 (Plates I and II). 
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(5) NozzU Pumping and Orarel Pumping, — This method of work- 
ing has been employed in the case of one gravel pump at Mbabane 
Flats working portions of four months of the dry season, when 
there was insufficient water under natural head available at this 
point to supply the gravel pump. 

The method employed is as follows : — a two-stage centrifagfti 
pump direct-coupled to a 100 hp. motor, is mounted on the same 
pontoon as the gravel pump. It takes its suction from the creek 
water in the cut which diverts it from the paddock, and delivers H^ 
cub. ft. per min. through a If -in. nozzle at a pressure of 100 1^- 
This pressure water serves the same purpose in breaking down 
the ground that the water under natural head does when that water 
is available, and the genera arrangements and method of workini? 
are exactly the same as those just described. The power consuncie^ 
by this nozzle pump amounts to about 68 units per hour. The co^t 
of working by this method is practically the same as in the case ^' 
hydraulicking and gravel pumping. 

The method possesses many advantages if cheap power is av^i^' 
able. It often saves the construction of new races, and the layiJEi^ 
and constant shifting of long pipelines frequently in diffic^^ 
positions, even when high pressure water under natural head ^^ 
available ; whilst, as will bo seen, it is invaluable when this is tx^^ 
available. It is, in fact, probably preferable in certain cases ^^^ 
employ high pressure water under natural head at one permane^"^ 
point for the generation of power, and to utilize such power 0^^^ 
the purpose of carrying out this method of working ; its conveniem ^^ 
and simplicity are of course obvious and are largely due to eve 
thing being concentrated in one self-contained unit which is floai 
from place to place. 

(6) Xozzle Pumping without Elevating, — This method of worki]^^^^ 
has been employed high up in the hills in Grey's Creek, at whi 
point tin-bearing gravel was found to exist where no water und 
sufficient natural head could be spared for hydraulicking. Tt^^ 
method employed is as follows : — A dam is constructed across th^^ 
creek below the working, with arrangements to enable the accumul^^ 
tion of tailings to be sluiced out periodically. One or mor""^^ 
subsidiary settling dams connect with this to enable comparativel ^ 
clear water to pass to the suction of a two-stage centrifugal puni;^^ 
driven by a 100 hp. motor. The pump delivers about 74 cub. ff - 
per min., through a U-in. nozzle at about 75 lb. pressure, that 
at the pump being 85 lb. The length of the deliver}' varies fron? 
200 ft. to 600 ft. from the pump, and the height from 15 ft. to 25 ft. 
above the pump. The iriavol is broken down by this pressure 
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as in the case of natural hydraulicking, the tailing settling in 
wer dam, until sluiced out at intervals, and the water being 
ed to the pump suction. About 7000 cub. yd. have been cut 
mth at a cost of dd. per cub. yd., actual creek cost, or lld» 
lb. yd., total cost. The average rate of cutting is about 
b. yd. per actual hour run, the power consumption being 
60 units per hour, equivalent to a duty of about *85 cub. yd. 
r unit. 

natural flow in the creek itself is about 20-80 cub. ft. per 
but as it is always endeavoured to maintain a more or less 
nt flow of thick pulp of tailing water by the bottom outlet 
rh the dam wall, the whole of this natural flow does not repre- 
le true amount of make-up water used. If the configuration 

surface permitted it, the sluicing out of the tailing would 
) necessary, as the extent of the dam would then be simply 
ed and its depth increased, or another dam constructed higher 
t creek, which would put a suction head on the nozzle pump, 
t motor at the working referred to became badly damaged by 
ing, it was decided to stop this method of work and leave 
nainder of the gravel to be recovered by natural hydraulicking 
bhe water now being used at other places becomes available 

course of time. This method of working is, however, quite 
le and has also been successfully used by the author at the 
fontein Tin Mines in the Waterberg Distric of the Transvaal, 
\ie difference, however, that every drop of make-up water had 
kt case to be pumped four miles and lifted about 1200 ft. ; 
ydraulicking being carried on at the top of a hill by 

of a seven-stage centrifugal nozzle pump circulating the 
at that elevation, and the power being derived from a gas 
) and bituminous gas plant at a cost of *65(^. per unit. 
Hydraulicking and Hydraulic Elevating, — The only working 
this method is now carried on is at Stable Creek, the lowest 
ig on the property. It accounts for about 17% of the 
ground handled. The method employed is as follows : — The 

from the upper gravel pump workings after generating 
c power at the power station is caught up in a race and 
1 some four miles along the hill side to a point opposite this 
ig, when it is conducted down a pipeline which leads a 
D of it to one or more monitors, and the balance to the 
nlic elevator. Some 212 cub. ft. per min. at a pressure of 
are employed for breaking the ground (the height of the bank 
ling about 18 ft.). The broken ground falls to the sump of 
i-in. elevator, which takes about 880 cub. ft. per min. at 
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55 lb. pressure, the average size of jet being 8*47 in. and aveiai e 
diam. of throat 6*55 in. 

The average height lifted is 28*8 ft., the 12-in. delivering pip® 
discharging into a sluice box 11 ft. wide,JOO ft. long, set to a gra^le 
of 1 in 80. The amount of ground elevated averages 24*4 cn1t>. 
yd. per hour, and the total volume of water used amounts to 1302 
cub. ft. per cub. yd. of ground removed, of which 490 cab. ft. SLre 
required per cub. yd. of ground broken down by monitors, s^ 
that the elevator consumes 62-2 % of the available water (ond^^ 
55 lb. pressure) for its operation, leaving only 87*8 % av»»i^' 
able for breaking ground. As, however, there is more wa't>^^ 
available here than is required to do the work, its inefficient O^ ^^ 
is not of moment. Moreover, as already pointed out, this sav^»^^ 
water has already been twice used for breaking ground in the upg:^^^ 
workings of the property, and once again for generating elect:^^^ 
power before doing its work at this creek, so that a little generos5> ^^ 
over the matter of efficiency can be well afforded here, especial ^^ 
when the extraordinary simplicity and reliability of this most use^^ ^ 
device is taken into consideration. Given a surplus of water unff- ^^ 
pressure, there is nothing to touch this device ; but it is mc^^^ 
wasteful otherwise, as it ^vill be seen later that the gravel pum Jl?^ 
actually performed 64 % more useful work than the hydraul^"- 
elevator for a given quantity of water power. 

Careful statistics, kept over twelve months ending 80th Jul 
1918, showed that the four hydraulic elevators then in use 
for their operation on the average 78 % of the total wat- 
available, leaving only 27 % for useful work in breaking groui 
by monitors. The best monthly performance of any one elevati 
showed GO ^]{y elevator water to 40 % monitor water, and tl 
worst, 84 ^Jy elevator water to 16 % monitor water. Moreovi 
all the best high-pressure water has to be used on the elevato] 
to obtain the necessary lift. This implied, therefore, that 
setting free this elevator water at King's Flat and Mbabai^^ 
Flats and elevating the ground by means of gravel pumps thei 
would be nearly four times as much water available for use i. 
monitors breaking ground, and, furthermore, this water beinj 
under a high pressure it would be capable of more efficient work. 

The lighting of this working, in common with other working== 
far removed from the iimin electric power lines, is accomplishec? 
very successfully by means of a small generating set consisting of 
a generator direct-coupled to a water motor, which derives its power 
from a branch pipe taken oil" the main pressure pipeline, and 
consumes 15 cub. ft. of water per min. 
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The total cost of working by this method, including head office 
charges, amounts to 6*276^. per cub. yd. This compares with 
8-229rf. for gravel pumps, but it should be mentioned that over 
the period in question the hydraulic elevator was working princi- 
pally in deep, soft virgin soil, whereas the gravel pumps worked 
gr^ound from which most of the material had been washed away 
in previous years. 

Given the same ground, it is probable that gravel pumping would 
^ot cost more than 6(/. per yard, as the capacity of the pumps is 
greater.* 

Description of Plant. |- 

Power Station. 

Pelton Wheel. — This is capable of giving off 800 hp. when 
forking imder an effective head of 500 ft. of water; average 
consumption 480 cub. ft. of water per min. ; speed 500 rev. 
P^r niin. The Pelton wheel is fitted with two nozzles, each 
Controlled by a valve, and the speed regulation is obtained by 
* sensitive oil pressure type of governor. The governor controls 
^he speed of the wheel by means of deliectors which divert the 
^^ter jet from the wheel. The speed variation is guaranteed not 
^ exceed 8 to 4 % from no load to full load and this guarantee has 
*^^en well maintained. The governor is driven off the Pelton shaft 
^y means of a chain drive. The water supply is derived from a 
'^ce which collects water which has already been twice used for 
^ydraulicking work in the upper Mbabane Flats. A pipeline 
^^^T^ing from 24 in. to 12 in. diam. leads the water for 2000 ft. 
^own the slope of the hill at an effective head of about 512 ft. 

Oenerator, — 260 K.V.A. three-phase, direct-coupled to the Pelton 

^he©l by flexible coupling of the Zoedel type, generating current at 

^^ volts, 50 cycles per sec. The exciter armature is carried on 

^*^ extension of the generator shaft, and the field coils of the exciter 

^>^ supported by the outside pedestal bearing. The exciter is 

^pable of supplying the exciting current necessary for the output 

of the generator, plus 1 K.W. which is required for lighting the 

S^Xierating station. The switchboard controlling generator and 

exciter is equipped with ammeters and voltmeters, watt-hour-meter 

Wid field regulators. To connect the generator to the power line 

a three-phase oil switch with overload release coils is used. The 

^ See Fig. 6 (Plate U). 

t Transvaal 8. A. Inst. Electrical Enffineers. March, 1915. • Notes on the 
Electrical Plant, Swaziland Tin, Ltd., Mbabane,' by \V. Ekdon Dew, M.I.E.E. 
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step-up transformer is of 250 K.V.A. capacity, the canent being WP^''-' 
stepped up from 550 to 8800 volts. The line can be isolated from I '^ 
the transformer by links. 1'*/'^ 

During the year ending 80th June, 1915, the generating station 1'^^ 
ran 95 % of full time, generating 760,584 units at a cost of i^'"^ 
0'8672r/. per unit, including all maintenance charges on the plant l"^ 
and main water race ; but the load factor was only *4288. 1. ' 

Poirer Line, —This consists of stranded alumininm wire 7/'114 
size equivalent to No. 4 S.W.O. copper. The length of the 
principal line is approximately four miles, and it is carried by 
poles of blue gum. The methods adopted for jointing and stringing 
the wires are those advocated by the manufacturers and B'^ 
perfectly satisfactory. The lines are protected with horn arrest^^^ 
at their extreme ends and also at intervals along the line. A wat^^ 
jet arrester is also installed at the generating station end. 

This was the first installation of an aluminium power line of 



importance in this country, and on comparing the relative cost^ ^^ 
the aluminium conductor as against copper wire it was fota^^ 
that there was a saving of approximately 22 % in favour ^ 
aluminium at that time, considering the cost of conductors ot^^^ ' 
The supports of conductors and handling of the aluminium "vi^i^^ 
cost something more than if copper had been used, but ^^^ 
experience gained has quite justified the use of aluminium »*^-* 
there have been no troubles with the aluminium conductors. 

Gravel Pumps and Motors, — The pumps in use are 8-in. cenfc ^* 
fugal pumps, specially constructed for this class of work, havi ^^^^ 
renewable shoes on the impellers and renewable linings in t> ^*^ 
casings. The pumps are direct-coupled to 50 hp. motors runnL 
at a speed of 485 rev. per min., and deliver water and gravel 
a total height of 10 ft. A swivel joint is employed to raise 
lower the suction pipe, and in order to avoid the necessity 
shifting the pontoon so frequently, the suction pipe is at tii 
extended to as much as 800 ft. from the pump. The arrangeme 
of the suction door in use at the end of the suction pipe is shoi 
in Fig. G. 

The motors are supplied with current at 200 volts from a ste' 
down transformer, the whole equipment, including switchboard ai 
wattmeter, being fixed on a wooden pontoon of substantial coi 
struction about 20 ft. square. 

This is made watertight and has a displacement sufficient to ensh'::^^ 
it to be lloated when necessary. It is roofed in and enclosed o -^' 
three sides to protect the electrical apparatus from the weather. 

The pontoon during ordinary working operations rests on a fi^ ^ 








s 



• 
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portion of the bedrock prepared for it, the suction pipe being taken 
to a suitable sump cut out of the bedrock, while the delivery pipe is 
taken out through the roof at an angle to the head box which feeds 
the sluice box. The overhead power line is brought to within a 
distance of about 60 yd. of the pontoon, and a cable is connected 
to the line by means of controlling links and connected through 
oil switches, etc., to the apparatus on the pontoon. 

During the year ending 80th June, 1915, the three gravel 
PiunpB ran 70*9 % of the time that power was available, elevating 
420,248 cub. yd. of ground (averaging 24 cnb. yd. per hour) or 
^7f) cab. yd. per unit, the average height lifted being 88-6 ft. 





aaaaaat 




Fio. 6, — Arrangement of Suction Door, Gravel Pump. 

^ *^^ cost per running hour on these pumps averaged over the year 

■*^'6rf. (elevenpence halfpenny) for power, 6*8^/, for renewal?, and 

"^•'. for repairs. The average efficiency of the three pumps on the 

^hole year's run was Si7'85 %, compared with 24'8 % for the 

P^^vious year. The normal staif for each gravel pump working 

^^Bists of one overseer and 166 natives per day of three shifts, 

*^ough latterly two of the gravel pumps have been run by only 

^^ overseer.* 

Nozzle Pnmps. — (1) The nozzle pump, which is erected on the 

^^e pontoon as the No. 1 gravel pump, consists of an 8-in. two- 

^^^ centrifugal pump capable of delivering 144 cub. ft. per min. 

* See Figs. 2, 3, and 4. 
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agii&flt II milioiiMtrie hind of dboot SOO ft;, at ft'ifirt d 1410 
f0T* per miiu, diseotHWopled to % 100-lipb three-fliMt fOO foM0 
motor* 

^) The noBsle pomp al Chij't Onek eoiuriali of an 8-iii. two- 
stage O0iitrifiigal pomp d^ftUe of ddivering Ifil oab. ft pernuo^i* 
et^dnst a heed <rf about UO ft al a apeed of 1700 bbt. per wbou 
This pamp was Mi-dnveii 1^ a 8000 tqUs motor at lOB isr. 
per mill. 

MfimMo KkHiU»,f^"^mamn fjpes of ebvator larni iMa iOpS 
from time to time. Tbe resnlte of four yean' azpecieDesb laiMVi* 
show that the modilieji ^ype shown in Fig. 7, as ^^^%n*^ M 
the mine, gi?es the best results. 

Diflezent sises of jet aii4 throat are used aooordiiif taib^ 
anumnt of water and pressnie, bat as a role a 8|-in. jet and %i^ 
throat axe employed with a working piessare of about 55 UmAiflb 
is equivalent to 880 enb. ft. of water per min. of pressors irat0' 
through the jet This water lif to the monitor and seepage wat^a^' 
amoonting to about 2S6 oub. ft. per min., plus 11 cub. ffc. ^' 
graTel per min., to an average of S8*8 ft to the sluke bocs^^ 
The efBdeney of the eleyator calonlated over the whole y^^ 
ending 80th June, 1915, was 16*58 %, compared with 15-2 ^ 
for the previous year. The normal staflf for this hydraol^^ 
elevator working is one overseer and 188 hoys per day of iYx'^^ 
shifts.* 

Water Lifter, — This simple device, which is made outr ^ 
standard pipe fittings, is shown in detail on Fig. 7, together ^^^^ 
a sketch showing the method of applying it. Its action is sim ^^^ 
to that of an ejector. 

3/onteor.<.— Various types of monitors have been tried and varL- — ^] 
types are in actual use, but the one which has been found to 
most satisfaction is shown on Fig. 8, designed on the mine by 
H. M. West.t 

Uichardt Hydiavlic Riffle and Jig, — Experiments are now 
progress with a view to ascertaining whether it is possible to util 
a combination of these machines to replace the ordinary sin ^, 
box, and thus save the handling and dressing at present entailec=^^ 

DreHsing Plant. — The tin concentrate roughly dressed at t^ 
various workings varies in grade from 46 % to 64 % m^^^' 
tin according to the varying proportion of iron sand container^' 
This is always higher where the tin is finer, in the lower lyiu^ 
flats, than where the tin is coarse, in the hill creeks. The concei7* 

♦ See Fig. 5 (Plate II). 
t See also Fig. 2 (Plate I). 
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tnte in ita rough state is transported in carts or on pack iiiitloR 
from the various workings to the central dressing plant. Here 
it is redressed, the coarse in hand jigs and the fine in inclined 
boxes under a running stream of cleat water, to remove any re- 




Hydraulic E/eoator. 




Water Lifter. 

Flo. 7. -Details of Hydvinilip Elcvatov b»,1 Wuttr Lifler. 

I^Uning lighter material. It is then dried by spreodin;; on hir^'O 
iMlin«d trays exposed to the sun's heat in dry weather, or on hot 
PbtcB heated over wood tires in wet weather. The conoentndo 
u then passed through a Wetherill mognotic separator wliich 
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Fl«. 8. — General arrangement at Monitor as connected for i 
AVhen working uii higli prcRSiircs flexible connection ia diepeoMd with and 
the Monitor is coiinectcil direct with Iteducer on Pipeline. 
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^Seotually removes the remaining impurities, consisting chiefly of 

ilinenite. It is then weighed, sampled and assayed and hagged for 

^ipment. The average grade shipped varies from 71 % to 72 % 

\ niet. tin. The dressing plant is in charge of the tin dresser, with 

^6 natives, who are also used for loading and unloading wagons 

t-and occasionally for road repairing. 

Workshops. — These consist of blacksmiths* shop, fitters* shop and 

•carpenters* shop, equipped with the usual tools driven by an electric 

i3iotor. The system adopted in the organization of work on this 

property is, that the electrical and mechanical stafif are entirely 

^sponsible for the maintenance of all units of the plant in con- 

staiiit good repair and running order. The overseers at the 

''workings merely run the machines for the purposes of their woi-k ; 

but it is the business of the mechanical stafif to see that these 

^a<2hines are always kept in good order. Each pontoon is connected 

"y telephone with the central depot. It is, of course, necessary to 

'^^^p a considerable stock of spare parts on hand, and also that the 

^^irkshop equipment and stafif should be capable of carrying out all 

"^"^inary repair work, seeing that the nearest railway station is 

^^ laiiles, and the nearest workshop 140 miles, distant. 

I^he mechanical stafif consists of a working electrical and mechan- 
engineer-in-charge (Mr. H. M. West), one electrician, one fitter 
one carpenter and seven natives. 



EFFICIENCY DATA. 

Basis of Efficiency Calculations. 

^^<ivel Pumps. 

_ 0*66 X ft. lb. per min. lifted 

ft. lb. per min. of power required for work. 
0'66H (62-8 W -f 100 S or 0-65H (62-8 W-f 4 5 G) 
"■ 44240 U 44240 U 

"^tfc^re E = Efficiency. 

H;= Height in ft. 

S = Cubic ft. per min. of solids lifted. 

W= Cubic ft. per min. of monitor water + seepage or added 

water lifted. 
G = Cubic yd. per hour of gravel lifted. 
CJ = Units consumed per hour (1 unit = 44,240 ft. lb. per 
min. for one hour). 
(NoTB. — 85 % is allowed for electrical transformation and trans- 
^i^ission losses from the head box of power plant to current pat into 
Aiotors at pamps.) 



20 J. J. GARRARD : HYDRAULIC TIN MIMIMO IN SWAZILAND. 

Uydrauliv Elevators, 1^ , 

,. ft. 11). per min. lifted Ix 

ft. lb. per min. required for work. |'. i 

_ H (62-8 W-hlOO S) or H 62-8 W-f- 46 G) 
■" 62-8 N (Hi -H) 62-8 N (Hj-H) 

where E = Efficiency. 

H = Height lifted, in ft. above elevator nozzle. W^ 

Hi= Effective head of pi*es8ure water in ft. above noide. |i: 
W= Cub. ft, per min. of monitor water and seepage, or 

added water lifted. 
S = Cub. ft. per min. of solids lifted. 
G = Cub. yd. per hour of gravel lifted. 
N = Cub. ft. per min. of pressure water through dffst^ 
nozzle. 
In order to show how this works out in practice the foUovii^S 
examples of the average results of working over the whole y«*^ 
ending 80th June, 19b*), are appended: — 

No. 3 (hairl Pump — King's Flat, — Average diam. moniW^ 
nozzle 2*8 in., average nozzle pressure 104.*2 lb. Monitor wat^^' 
202*7 cub. ft. i>er min. Seepage water, 9 cub. ft. per m^^* 
Water run in from creek to assist monitor, 14 cub. ft. per nai^[ 
Gravel lifted, 24-6 cub. yd. per hour. Total height lifted, 40-2 ^ 
Units consumed, 81 '89 pc^r hour. 

0-65 X 40-2 (62-8 x 225-7 + ^5_ x 24-6) 
^''- 44240 X 81-87 " " - ^'^^^ 

= 28*1 % efficiency. 

12 ///. Hydraulic EJccntor - Stable (.'reek, — Average diam. moni-^ 
tor nozzle, 2*77 in. Average nozzle pressure, 56 lb. Monitor^ 
water, 212*8 cub. ft. per min. Seepage water, 11 cub. ft. per 
min. Water run in from creek to assist, 8 cub. ft. per min. 
Average diam. elevator nozzle, 8*47 in. (throat 6*55 in.) Average 
pressure on elevator nozzle, 55 lb. = 127 ft. effective head. Elevator 
water, 880*4 cub. ft. per min. Gravel lifted, 24*4 cub. yd. per 
hour. Total height lifted, 28*8 ft. 

E ^ 28-8 (62-8 x 220*8 4-45 x 24*4) = 0-1658 
62*8 X 880-4 (127 - 28 8) 
= 16*58 % efficiency. 

The average efficiency of the three gravel pumps on the year'a 
run was 27-25 % (compared with 24-8 % for the previous year) as- 
against 16-58 % for the hydraulic elevator (compared with 16-2 % 
for the previous year). So that the electrically-driven gravel 
pumps actually performed 64 % more work than the hydraulics 
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elevator for a given quantity of water power. A further check on 
the current working results is the monthly record kept of the 
number of cub. yd. of gravel elevated per unit. This for the year 
in question amounted to an average of 0*76 cub. yd. per unit 
-consumed. 

The weekly log sheet is shown in Appendix A (where, however, 
it is given filled in with the actual figures recorded for the whole 
year ending 80th June, 1915). The units generated at the power 
station are recorded and on each pontoon the units consumed by the 
pump motor are also recorded. The time the pump is working 
:gives a figure showing the average consumption per hour, while each 
week a check is taken for one hour when the pump is kept fully 
supplied with gravel and water. This figure gives a maximum load 
^hich the pump should do regularly and from this a figure, which 
is practically the load factor of the unit of plant, is obtained. The 
overall factor of the whole operation is also useful check for the 
Management to see how the work varies. 

The monthly record of work is shown in Appendix B (where, 
however, it is given filled in with the actual figures recorded for the 
''^hole year ending 80th June, 1916. 

It will be seen that this gives a very complete picture of the 
Month's (or year's) operations and enables the management to see 
how things are going from time to time. As the main basis of 
^^Iculation is the number of cub. yd. of gravel cut in a given time, 
^^reful surveys are made at the middle and at the end of each 
^otith, at each working place. It is found that the keeping of all 
.*^® data necessary for the preparation of these records is amply 
"^^^tified by the results obtained, adding materially to the general 
efficiency of all operations. 

Appendix G shows the nozzle table and formula which forms 
^^^ basis of water measurement through nozzles. 'Weir gauges are 
^Xed at all the principal points in the various water races to 
**^^asure the main ources of supply. 

^^orking Results, — The results and costs of working for the 

^hole year ending 80th June, 1916, are very fully set out in the 

*^ord of work shown in Appendix B. 961,650 cub. yd. of ground 

^^^^ treated or an average of 80,129 per month. 1'004 lb. of 

^ixcentrate of a grade of 71 '268 % met. tin was recovered per cub. yd. 

^ving an average of 'Tl 6 lb. met. tin recovered per cub. yd. The 

^^k working costs were 4-81rf. per cub. yd., the total mine costs 

being 6'Oldi/. per cub. yd., and the total cost, including head office 

charges, 6*697d. per cub. yd. 

The amount of Water consumed by monitors in cutting ground 
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for gravel pumps wfts on the average 166*8 lb., to widoli nwe aiUai 
66-8 cub. ft. per min. at an average pressute of 88«2 lb., to iriikh 
also were added 86*8 cnb. ft. per min. nm in from credn to isiiil 
monitors, whilst in addition 12 oub. ft. per min. of seepage wihi 
were elevated, the total consumption of water being 492 enb. ft pv 
onb. yd. of ground elevated by the gravel pumps. 

In the case of the hydraulic elevator 490 eub. ft. ci water vwi 
required per cub. yd. of ground broken by monitors at an avsngi 
pressure of 661b., the total consumption being 1802 cub. lipss 
cub. yd. of ground elevated. 

In the case of hydraulicking operations in the Hill Ch»dffl tk^ 
amount of water consumed by monitors in cutting ground waa oi 
the average 219 cub. ft. per cub. yd. oi ground recovered, at ai 
average pressure of 691b. The performance of the three gia^ 
pumps after constant wear and tear of the roug^iest description i 
elevating sand, gravel and boulders (up to the sise of a man*s hea^ 
ever since their instollation in July, 1918, is truly remarkable, t3 
pumps being still in perfect condition. 

When it is considered that this property has yielded such ga 
profits for so many years by means of methods which can only- 
described as primitive to the last degree, some idea of the phenomeic 
richness of the original alluvial gravel may be gathered. 'C 
author's only regret now is that this original virgin ground is 
longer available ; as with existing methods and cost of workings 
is evident that such ground would have yielded enormous proft 
Fortunately, however, although rendered more costly to reco\^' 
owing to the superimposed legacy of tailings, there still remains 
large quantity of tin lying below water level which the forns 
workers with their primitive methods were unable to reach. 

General, — The design and erection of the electrical eqnipmei 
was ably carried *out by Professor Heather and Mr. Elsdon De' 
Considerable credit is due to the Mine Manager, Mr. T. Kelly, f 
having been able to train the raw natives of Swaziland to carry o' 
operations, which require no small amount of skill, with tl 
minimum of European supervision, thereby reducing the cost 
working at this mine to what may be considered a very reasonab 
figure. Mr. Kelly is assisted by a Surveyer, Mr. W. T. Mol 
who is responsible for the measuring up of all workings, wat 
calculations, the preparation of all records and statistics ai 
assaying. 

The office staff consists of a mine secretary, and a timekeeper wl 
is also responsible for stores. 

The Company supplies electric current for lighting purposes 
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the Mbabane Township free to Government offices and officials and 
for street lighting, and at a nominal charge to other residents. It 
bos also provided for the water supply of the Township from its 
main water race. Such facilities in an out-of-the-way place like 
Mbabane are much appreciated and tend to maintain the relations 
between the Company and the Government and residents on thi^ 
cordial footing which has always existed. 



^^^ JKztra Copieg of this paper may he obtained, at a nominal charge,, 
at the Offices of the Institution^ 1, Finshury CircitSy Londnn, K.C. 
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PRELIMINARY NOTICE OF ANNUAL 
GENERAL MEETING. 

he TWENTY-SIXTH ANNUAL GENERAL MEETING 
he Institution of Mining and Metallurgy will be held, by kind 
uission, at the Booms of the Geological Society, Burlington 
Lse, Piccadilly, W., on THURSDAY, APRIL 19th, 1917, at 
(O o'clock p.m. 



MOVEMENTS OF MEMBERS. 

ambers of the Institution are invited to send information in regard to their 
etnents to the Secretary for insertion under this heading. Members visiting 
^on are requested to register their addresses at the House of the Institution, 
^fl the Library, Writing Rooms, etc., are at their disposal. 

Mr. Milton A. Allen, A.R.S.M., Assoc. Inst. M.M., is now 
^aged in the New York office of Messrs. Arthur L. Pearse & Co. 

(r. H. C. Bayldon, M. Inst. M.M., has been appointed General 
ager of the Spassky Copper Properties at Atbasar and Spassky, 
his headquarters arc now at Atbasar. 

. W. DoNKiN, Jr., Stud. Inst. M.M., having been discharged as 
after Active Service in East Africa, is now in Southern 
>sia. 

H. R. DoRRiNGTON, Stud. Inst. M.M., has returned to England 
le Republic of Colombia. 

'J. Tazeweli., Assoc. Inst. M.M., has returned to England 
uth Africa. 

r. Gordon Thomas, Assoc. Inst. M.M., is now Assistant 
Manager of the Anglo- Continental Mines Co., Ltd., 
Nigeria. 

B. Tyrrell, M. Inst. M.M., has left Toronto on a visit to 

r. Warne, Assoc. Inst. M.M., is returning to England 
old Coast Colony, on leave. 
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CANDIDATES FOR ADMISSION. 

The Council welcome communications to assist them In deciding whether th* 
qualifications of Candidates for Admission Into the Institution fulfil the require- 
ments of the By-Laws, 

The Application Forms of Candidates for Membership or Associateship will t* 
open for inspection at the Office of the Institution for a period of at least t^^ 
months from the date of the Bulletin In which their applications are announce^' 



The following have applied for admission since February 5t! 
1917:— 

To Membership — 

Adam, John (Gicalia, Western Australia). 
Haughom, Oscar {B^lekkefjordy Norway). 
Bance, Bernard {Mogok, Upper Burma). 

To Associateship — 

Daddow, Samuel (Shaviva, Southern Rhodesia). 
Wilson, Bobert {Bio TintOy Spain). 

To Studentship — 

Curnow, Thomas John (Penzance^ Coiiiwall). 
Dempster, Eric Bichard {Anantapur, South India). 
Pryor, Edmund James {Wymondhamy Norfolk), 
Bees, Leslie Charles {Swansea, Glamoryamhire). 
Toll, Eeginald Warmington {Bere Alston, Devonshire). 

The following have applied for Transfer: — 
To Membebship — 

MacDonald, Donald John {Taquah, West Africa). 
Vecelli, Cesare {Venice, Italy). 

To Associateship — 

Blandford, Stanley Charles Hooper {Coronel, Chile). 

Bose, Aloke {Bauchi, India). 

Warren, Bichard Mon table {Cerro Muriano, Spain). 



ADDRESSES LOST. 
F. B. Bradshaw, 0. L. de Lissa, D. NioholaSi and J. F. Bichards. 
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NEW MEMBERS. 

'he following have been elected (subject to compliance with the 
iitions of the By-Laws) since February 5th, 1917 : — 

Membership — 

Campbell, Edmund Ernest {Any ox, British Columbia), 

ASSOOIATESHIP — 

Bettany, Lionel Oeorge {Shamra, Rhodesia). 

Cribb, Henry Theodore {Venezuela, South America). 

Edmands, Herbert Richard {Youanme, Western Australia), 

Harris, Charles Stanley {Balaghat, India), 

Rosewarne, Richard {Newquay, Cornwall), 

Watson, Augustus Bressan {Broomassie, West Africa), 

Wing, Edgar Tyron {B,E.F,). 

Studentship — 

Basto, Pedro F. Pinto (London), 
Bernstein, Henry Leo {London), 
Davies, Ralph Douglas Thomas {[j)ndon), 
Jones, Thomas Kirkham {London), 
McClure, John Richard Smyth {London), 
McKerrow, Hugh George {Forest Gate, Essex), 

?he following have been transferred: — 

Membership — 

Heden, Ernest Charles Burgess {Sydney, Netc South Wales), 
Pearse, Leonard Edward Beard {Naraguta, Northern Nigeria). 
Price, George Blake {London). 
Stevens, Walter Frederick {Melbourne, Australia), 
Whitehouse, James {Johannesburg, Transvaal), 

ASSOCIATESHIP — 

Bendall, Roland {Benoni, Transvaal), 

Dean, Arthur William Henry {B,K,F,), 

Heywood, Jean Fernand Gaston Robert {Johannesburg, Trans- 
vaal), 

Scott, James {London), 

Teed, Philip Litherland {E.N. V.H,). 

Wasse, Frank MacLeod {Bundoran, Ireland), 

Windeatt, Thomas Reginald Amery {Taiping, Federated Malay 
States), 
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NOTE.^Books marked with an asterisk are contained in the Library of the institu^ '® 

•Abstracts of Current Decisions on Mines and Mining, January to Apri 
1916. J. W. Thompson. Washington, D.C. : United States Bureau 
Mines. 

•Bibliography of ArsTRAWAN Mineralogy. C. Anderson. Sydney: Ne*^ 
South Wales Department of Mines, Geological SuKey. 2«. 6d. 

Elements of Mining. G. J. Young. London: Hill Publishing Compy. 21^ 

♦Geology of Graham Island, British Columbia. J. D. Mackenzie. Ottawa 
Canada Department of Mines, Geological Survey. 

•International Catalogue of Scientific Literature. D — Chemistrt^ 
Thirteenth Annual Issue. London : Harrison <t Sons. 37«. 6</. 

•Method for Measuring the Viscosity of Blast-Furnace Slag at High 
Temperatures. A. L. Feild. W'ashington, D.C. : United States Bureau 
of Mines. 

•Mineral Promction of California for 1915. W. \V. Bradley. San Fran- 
cisco : California State Mining Bureau. 

•Mineral Kksources of the United States in 1915. Borax, by C. G. Yale. 
Clay-Working Industries, by J. Middleton. Coal, Part A : Production, by 
C. E. Lesher. Coal, Part B : Distribution and Consumption, by C. E. 
Lcsher. Copper, by B. S. Butler. Magnesite, by C. G. Yale. Magnesium, 
by F. L. Hess. Natural Gas, by J. D. Northrop. Peat, by J. S. Turp. 
Stone, by G. F. Loughlin. W^ashingtou, D.C. : United States Geological 
SurveyJ 

•Mines Hani>i;ook and Copper Handrook. Vol. XII. W. H. Weed. New 
York: Stevens Copper Handbook Compy. ^10. 

•Ore Sampling Conditions in the West. T. B. Woodbridge. W^ashington, 
D.C. : United States Bureau of Mines. 

•Quin's Metal Handbook and Statistics, 1917. L. H. Quin. London: 
Metal Information Bureau, Ltd. 'ds. 6d. 

•Keport on Refining of Copper and Production of Metallic Zinc in Canada. 
Ottawa: Imperial Munitions Board. 

♦Safe Practice at Blast Furnaces. F. H. Willcox. Washington, D.C. : 
United States Bureau of Mines. 

•Underground Wastes in Oil and Gas Fields and Methods of Prevention. 
W. F. McMurray and J. O. Lewis. Washington, D.C. : United State* 
Bureau of Mines. 
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Engineers, London, Vol. 52, Part 2, 
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Gray. — Canadian Mining Journal, 
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of modem labour movements and 
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W. Pickup.— Transactions, Insti- 
of Mining Engineers, London, Vol. 
. 2, 1916-17, pp. 199-208. 6«. 

of the Master Folds upon the 
f of the Bristol and Somerset Coal- 
E. H. Staples. — Transactions, Insti- 
Df Mining Engineers, London, Vol. 
1 2, 1916-17, pp. 187-98. 6$. 

3t8 of the Carbonization of Coal with 
lact recovery, as a South African 
7. Discussion. — Journal, South 
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Ore Treatment at the Falcon Mine, 
Uravnma, Rhodesia. H. B. Adam.— Jour- 
nal, Chemical, Metallurgical and Mining 
Society of South Africa, Johannesburg, 
Vol. 17, November, 1916, pp. 91-6. a«. 

Physiographic conditions at Batte, Mon- 
tana, and Bingham Canyon, Utah, when 
their Copper Ores were enriched. W. W. 
Atwood. — Economic Geology, Lancaster, 
Pa., Vol. 11, December, 1916, pp. 697-740. 
5llc. 

Vaporization of Metallic Copper in Wirebar 
Furnaces. A. Butts. — Metallurgical and 
Chemical Engineering, New York, Vol. 16, 
January 15, 1917, pp. 85-6. 25e. 



ECONOMICS OF MINING AND 
METALLURGY. 

Coal Trade of Nova Scotia during 1916. 
F. W. Gray. — Canadian Mining Journal, 
Toronto, Vol. 88, January 15, 1916, pp. 27-30. 
15c. 

Dividends on the Band in 1916. — South 
African Mining Journal, Johannesburg, 
January 6, 1917, pp. 441-2. 6d. 

Effect of modern labour movements and 
legislation on the economic position of 
Coal Mining. W. Pickup. — Transactions, 
Institution of Mining Engineers, London, 
Vol. 52, Part 2, 1916-17, pp. 199-906. 6f. 

Filing Survey data at Mines. R. S. Schnlts, 
Junr.— Engineering and Mining Journal, 
New York, Vol. KM, January 20, 1917, pp. 
140-4; January 27, 1917, pp. 178-82. 15<;. 

Financial Review of 1916. — Mining and 
Scientific Press, San Francisco, Vol. 114, 
January 6, 1917, pp. 13-15. 150. 

Metal Mining in 1916. — Mining and Scien- 
tific Press, Han Francisco, Vol. 114, Janu- 
ary 6, 1917, pp. 4-8. 15c. 

Openpit Steam-Shovel Costs. J. M. 
Anderson. — Engineering and Mining Jour- 
nal, New York, Vol. 103, January 27,1917, 
pp. 183-4. 15c. 

Spelter Production in 1916.— Mining Jour- 
nal. London, Vol. 114, February 8, 1917, 
pp. 65-7. 6d. 

State Mining on the Rand. — The Mining 
Magazine, London, V^ol. 16, February, 1917, 
pp. 70-2; 87-90. 1«. 
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TO Copper district of Bolivia. J. T. 
iJd, Junr., and B. L. Miller. — Engi- 
t and Mining Journal, New York, 
8, Janoftry 27, 1917, pp. 171-6. 15c. 



GEOLOGY AND ORE DEPOSITS. 

Effects of the Master Folds upon the Geo- 
logy of the Bristol and Somerset Goldflelds. 
E. H. Staples.— Transactions, Institution 
of Mining Engineers, London, Vol. 52, 
Part 2. 1915-16, pp. 187-96. 6«. 
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Hardening and Annealing of Metals. Dis- 
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and Mining Society of South Africa, Johan- 
nesbarg, Vol. 17, November, 1916, pp. 100-3. 
2i. 
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»f Lead Blast Furnace Charges. 
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f Lead Blast Furnace Charges. 
Janr. — Metallurgical and 
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Microscopic Study of Non-Ferrous Metals 
and Alloys. E. J. Davis.— Metal Industry, 
London, Vol. 10, February 9, 1917, pp. 125-9. 
4d. 

New method of Zinc Precipitation. H. R. 
Conklin.— Engineering and Mining Journal, 
New York, Vol. 106, January 27, 1917, pp. 
195^. 15c. 

Rochester Cyanide Mill, Nevada. A. C. 
Daman.— Engineering and Mining Journal, 
New York, Vol. 108, January 20, 1917, pp. 
183-5. 15e. 



MILLING & CONCENTRATION. 

Flotation Concentration Experiments on a 
Transvaal Gold Ore. F. wartenweiler.— 
Journal, Chemical, Metallurgical and Min- 
ing Society of Soutii Africa, Johannesburg, 
Vol. 17, November, 1916, pp. 87-90. 2«. 

Flotation in 1916.— Mining and Soientiflc 
Press, San Francisco, Vol. 114, January 6, 
1917, pp. 17-22. 16c. ; 

Flotation of Stibnite Ores. J . Daniels and 
C. R. Corey. — Engineering and Mining 
Journal, New York, Vol. 108, January 27, 
1917, pp. 185-7. 15c. 

Ore Sorting on the Rand. South African 
Mining Journal, Johannesburg, January 18, 
1917, p. 471. 



mining: (General). 

Concrete Shaft Equipment at Bantjes 
Consolidated Mines. Reply to Discussion. 
W. W. Lawrie and G. Hildick Smith.— 
Journal, Chemical, Metallurgical and Min- 
ing Society of South Africa, Johannesburg, 
Vol. 17, November, 1916, p. 96. 2«. 

Development of the Far East Rand. E. 
Williams.— The Mining Magasine, London, 
Vol. 16, February, 1917, pp. 87-90. It. 

Encouragement of First Aid work on the 
mines of the Witwatersrand. Discussion. 
— Journal, Chemical, Metalluvgioal and 
Mining Society of South Africa, Johannes- 
burg, Vol. 17i November, 1916, pp. 97-100. 
2$. 

Filing Survev data at Mines. R. S. SoholU, 
Junr. — Engineering and Mining Journal, 
New York, Vol. 108, January 20, 1917, pp. 
140-4 ; January 27, 1917, pp. 178-82. 16e. 

Making a Shaft upwards. G. B. Walker.— 
Transactions, Institution of Bfining Engi- 
neers, London, Vol. 52, Part 2, 1916-17, 
pp. 227-84. 6«. 
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NON-METALLIC MINERALS— 
continued. 

Selecting Abrasives for Specific Uses. R. O. 
Williams. — Engineering Magazine, New 
York, Vol. 52, January, 1917, pp. 461-8. 25e. 

Supplies of Refractory Materials available 
in the South Yorkshire Coalfields. W.G. 
Fearnsides. — Transactions, Institution of 
Mining Engineers, London, Vol. 52, Part 3, 
1916-17, pp. 261-79. 6t. 

PETROLEUM. 

Norfolk Oil Shales. W. Forbes-Leslie.— 
Journal, Institution of Petroleum Tech- 
nologists, London, Vol. 3, December, 1916, 
pp. 3-35. Is. 6d. 

Oil Prospects in England. The Mining 
Magazine, London, Vol. 16, February, 1917, 
pp. 69-70. 1*. 

Pyrogenesis of Hydrocarbons. E. L. 
Lomax, A. E. Dunsian and F. B. Thole. — 
Journal, Institution of Petroleum Tech- 
nologists, London, Vol. 3, December, 1916, 
pp. 36-120. 7f. 6(f. 

PLANT AND POWER. 

Boiler-house operation and maintenance 
with special reference to the Rand Power 
Companies' Plant. T. G. Otley and V. 
Pickles. — Journal, South African Insti- 
tution of Engineers, Johannesburg, Vol. 15, 
January, 1917, pp. 90-123. 2<. 

Historic Rock Drills. H. B. Willmott.— 
Canadian Mining Journal, Toronto, Vol. 38, 
January 15, 1917, pp. 84-9. 15c. 

Portable Plant for the Distillation of Wood. 
S. H. Collins, — Journal. Society of Chem- 
ical Industry, London, Vol. 36, January 81, 
1917, pp. 68-70. Is. 9d. 

Rochester Cyanide Mill, Nevada. A. C. 
Daman. — Engineering and Mining Journal, 
New York, Vol. 103, January 20, 1917, pp. 
133-5. 15c. 

*Bummerlee' Visual Indicator. D. M. 
Mowat. — Transactions, Institution of 
Mining Engineers, London, Vol. 52, Part 2, 
1916-17, pp. 296-300. 6». 

TIN. 

Bucket-Dredging for Tin in the Federated 
Malay States. H. D. Griffiths.— The Min- 
ing Magazine, London, Vol. 16, February, 
1917, pp. 79-86. If. 

Hydraulic Tin Mining in Swaziland. J. J. 
Garrard. — Bull. No. 149, Institution of 
Mining and Metallurgy, February 5, 1917. 

Tin Dredging in the Federated Malay States. 
A. C. Perkins. — Federated Malay States 
Chamber of Mines Magazine, Ipoh, Perak, 
No. 1, December, 1916. 

Wet Assay of Tin Concentrate. H. W. 
Hutchin. >- Bull. No. 149, Institution of 
Mining and Metallurgy, February 5, 1917. 
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MILITARY SERVICE. 
SUPPLEMENTARY LIST. 

; . , ..".-■■ .^ ■ . ..;• 
(..V * 

following have been notified since the iesue of the last Btdtetin^ 
ySth,1917: 

MEMBERS SERVING WITH H.M. FORCES. 

H., Royal Field Artillery, (2nd Lieut.).] 

2, T., Boyal Engineers, (2nd Lieat.). 

, B. J., Royal Engineers, (2nd Lieut.). 

jj, W. E. C, Royal Engineers, (Lieut.). 

P. J., Q.V. Sappers and Miners, (2nd Lieut., Indian Army Befftrv^ 
)fficer8). ) 

r. Stonsman, Royal Engineers, (2nd Lieut.). 

rr, Horace, Army Service Corps, (2nd Lieut.). 

1. Tybon, Royal Engineers, (Captain). 

PROMOTIONS OR OTHER CHANGES. 

IB, C. P. L., Royal Engineers, (Captain). 
. L., Royal Engineers, (Lieut.). 
John, Royal Engineers, (Lieut.). 
., C. M., Royal Field Artillery, (Acting Captain). 
IN, P. A., Royal Engineers, (Captain). 

B. D., Royal Engineers, (Lieut.). Awarded the Military Cross, 
IN, G., Royal Engineers, (Captain). Awarded the Military Cross. 

0, B. £., Royal Engineers, (Captain). 
', F., Royal Flying Corps, (Lieut.). 

38, Sir J. NoBTON, D.S.O., 2nd King Edward's Horse, (Lieat.-CoL). 

, S. H., XXIInd Punjabis, (Captain, Indian Army Reserve of Officers). 

L L., Royal Engineers, (Acting Captain). 

L. Alec, Royal Engineers, (2nd Lieut.). 

£. H. A., Royal Engineers, (2nd Lieut.). 

ruABT G., M.C., Royal Engineers, (Major). 

u>, F. T., Royal West Kent Regiment, (Lieut.), attached to Boyal 
^eers. 

N. H., Royal Flying Corps, (Captain-Flight Commander). 

P. N., Royal Engineers, (Major). Awarded the D.S,0. 

L., Boyal Garrison Artillery, (Major). 

ro, F. A. D., Boyal Engineers, (Lieut.). 

NB8, G. G., London Begiment, (Captain). 

, H., Boyal Engineers, (Captain). 

1. B., Boyal Engineers, (Lieut.). Awarded the Military Cross, 
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KILLED IN ACTION. 

• • 

James MoBbtdb, Associate^ Lieut., Australian Engineers. {In France^ SepUmb^^^ 
13th, 1916.) 

Bebtrau Morton, Attociate, Captain, Egyptian Coastguard Service. (Die 
whiUt on Active Service mih the Western Frontier ForcetJj 

William Thornton, Associate, Boyal Fusiliers. {Died of woundi in East 
on January 3rd, 1917,) 

Lionel Calvert, Associate, Lieut., Boyal Engineers. {In France, Janua 
30th, 1917.) 

LiNDow Hbbbward Leofric Huddart, Associate, Lieot., Boyal Engineers. 
{Died of syncope following an illness,) 

Henbt Alexander Dbummond Malcolm, Student, Boyal Field Artillery. 
{Died of wounds, February 16th, 1917,) 
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INSTITUTION OP MINING AND METALLUBGY. 



VENTY-SIXTH SESSION, 1916-1917, 



SECOND QENERAL MEETING, 
Thursday, February 16th, 1917* 

at the Booms of the Geological Society, Burlington House, 

Piccadilly, W. 1. 

Mr. EDGAB TAYLOB, President, in the Chair. 



DISCUSSION 

ON 

' The Wet Assay of Tin Concentrate.' 

By H. W. HuTCHiN, Member. 

\ H. W. Hutchin began by pointing out that on p. 17 the 
' production ' should read ' reduction ' ; on p. 25, * zinc metal ' 
1 read * zinc nickel ' ; and on p. 18 the second quotation from 
^r should continue to the words ' soluble in the fusion ' on p.'14. 
the paper he had endeavoured to set out his experience in 
g with various kinds of products, and he only wished to give 
figures to emphasize the points made. He would take as an 
ice a consecutive set of assays on the same sample, working on 
be would call the old conditions, namely, the conditions before 
kper was written. 



18-1 \ 
17-5 I 
18-88 ' 
17-76 ) 

190 ) 
17-86 t 



Lime.. 



Pearce. 



18-6 ) 

18-8 Beringer. 

^ould be seen that the figures were not very encouraging. 

the paper ^was written, and after the experience gained, 
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2 H. W. HUTOHIN : THB WBT ASSAY OF TIN COMCBMTBATB. 

another set of assays, but on a different sample, was taken : 16*55; 
16*45; 16*45. 

If one got those three results with even one method he would 
feel confident, but if each of those results were obtained by separate 
methods he would be still more confident ; and the latter was the 
fact. The first was the Beringer method, the second the Pearoe and 
the third the Lime. They were all worked uniformly on a Uuge 
charge, acid-cleaned, and in every case the residues were re-worked 
and included* 

He was not going to make the statement that one oould not get 
proper assays without fractionating, but he pointed out that if an 
assayer got that result it should bring conviction. 

Sir Thomas Kirke Rose said that as Chairman of the Tin 
and Tungsten Research Direction Committee, which was engaged- 
in trying to solve the difficulties which the tin industry of Commll 
still felt in ore treatment, he was glad to have the opportunity of- 
thanking the author for the very excellent paper now before them ^^ 
The paper had been accepted by the Committee as a part of tb^ 
researches in which they were engaged and was useful in facilitating 
their work. He regretted that he had only had time as yet for t^ 
hurried look through the paper, so that he was unable to discuss \\^ 
in detail, but he saw enough to realize that it was of great value. 

In his laboratory they had to make a certain number of tin assays, 
and although they were not working on cassiterite but on alloys, 
nevertheless they highly valued the contributions which workers in 
Cornwall and others had made before the Institution from time 
to time, because the conclusions arrived at in assaying tin con- 
centrate were in many cases extremely useful to them. 

As an assayer, he was glad to observe that while the representa- 
tives of the allied professions were thinking and talking about 
things, the assayer continued to do things. At present they were 
considering what could be done to improve the extraction of tin in 
Cornwall, and while they were thinking about the fringe of the 
subject, the assayers in the course of the last few years had gone 
far to solve their particular problem. He congratulated the author 
on the results of his work. 

Mr. C. O. Bannister said he had read the paper with pleasure, 
more especially perhaps because it offered good confirmation of at 
least two points on which he had been keen for some time : the first 
was the possibility of the contamination of samples during the 
crushing in the laboratory, and the second was the 'Unreliability of 
nickel as a reducing agent for tin in solutions. 

Wibh regard to the question of the possible contamination of 
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samples during the grinding, this was a very important question, but 
foirtunately was one which was thoroughly understood in the best 
laboratories, where suitable precautions were taken to eliminate the 
«iril effects of the contamination. In some of their teaching 
]Ei.8iitutions he was afraid the matter did not receive the serious 
s^^cntion it deserved, because one had frequently seen lusty young 
students grinding away on the backing board looking as though they 
w^we intent not only on producing finely divided samples but also 
bxi^^ers' assays. 

The author gave a certain amount of information, together with 

8ox3ie experimental evidence on the effect of grinding, but he was 

af iraid that he had not given them all they desired in this connection. 

(^Tx many points where further details were desirable they were 

foisuid lacking. For example, on p. 6 the author described some 

ex^periments on the crushing of material in iron mortars, and gave 

il^o results of an attempt at estimating the iron in the product by 

contact with a solution of copper sulphate. The attempt was 

^msQccessful, probably because the steel of which the mortar was 

n^ctde was unsuitable for reaction with copper solution. Further on 

ibe author gave the amount of iron he found by a gravimetric 

determination, and then he ran a blank test, the result of which was 

given as * very little.* There were very different ideas as to what 

^^t might mean in such a case, and it would be desirable to have a 

definite figure. 

In the next place the author gave the log of the weights of 
Wedgwood pestles which were used during the grinding of the 
^^inples, and that log of weights was very interesting and convincing 
^ a certain point. Without a more definite statement as to the 
'Approximate weight of the samples crushed, however, no clear 
d^QCtion could be made from the details given. In the case of 
^^Btle B, for instance, if they assumed the samples weighed about 
^ grm., they found that in losing 11 grm. during the crushing of 
^O samples of tin and wolfram concentrates it would account for a 
T^tition of only 0*25 % and in losing 1 grm. for 50 wolfram samples 
1^ ^oold account for a dilution of 0*1 %. In the case of Pestle C, this 
^ losing 8 grm. for 80 samples of tin concentrates would account 
^^ a dilution of 1*18 %. In addition to these amounts there would 
^ smaller amounts lost by the mortar. 

On p. 8 there was a description of some experimenlis on the use of 

^Q muller and slab for the crushing of tin concentrate. The author 

^^^fttes that the muller and slab were cleaned with several lots of 

^Hoentrate ; then he described some experiments in which three lots 

ot QondfotraiiB were >bvashed down in two. stages, giving samples 
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numbered I and II ; I A and II A ; I B and IIB ; in order to get an; 
interpretation of value from the results obtained the amount of tu 
in each of the six products should have been given. Instead of thaiP>^ 
the author stated that samples I A and I B were not assayed for tin.^.— ^ 
After reading very carefully one wished very much that those tini 
had been determined, so that the effect of grinding in the two si 
of fineness on the muUer and slab could be ascertained^ Furthermorsv 
samples I and II gave lower results than II A and II B, and the* 
author assumed that the plate was not clean, though he expressly 
stated that it had been cleaned with several lots of concentrate. 

The author had done good service in drawing attention once 
more to the possible dilution of samples during crushing, bat as 
nothing very definite had been given as to the effect of work done on 
the muUer and slab and the amount of dilution to be expected from 
crushing samples, the speaker had carried out a few experiments with 
a sample of fairly pure hard quartz. He had prepared a sample 
which was +80—10, and then commencing in each case with 
80 grm. of the sample, he crushed it on a plate to pass a 80, a 60, 
and a 90 mesh sieve. Then in a similar manner, with three new 
portions, he used an iron mortar to crush through a 80, a 60 and a 
90 mesh sieve, and determined the iron in each one. 

The following results were obtained : 

After magnet. 

Original Sample 0-16% Fe. 0-16 

Ground on Plate to pass 80 0-87 0-17 

Ground on Plate to pass 60 1-95 0-17 

Ground on Plate to pass 90 8*07 0-25 

Ground in Iron Mortar to pass 80 0*70 0*18 

Ground in Iron Mortar to pass 60 1*17 0'16 

Ground in Iron Mortar to pass 90 1*66 0*17 

These figures showed that very serious contamination could 
occur on a muller and slab. One got up to even 8% of iron quite 
easily. These results also indicated that the plate was very much 
worse than the iron mortar with regard to the contaminating effect. 

In the case of non -magnetic materials it was a very simple matter 
to remedy this dilution by putting a magnet through the crushed 
material, thus getting out the iron taken up from the crusher. 

To illustrate this, he had passed a magnet through each of the 
crushed portions, and again determined the amount of iron present. 
Only in one case had he got a figure for iron more than 0*02 % 
higher than that obtained with the original quartz. These 
results show that, so far as non-magnetic materials were condBrned, 
they could eliminate the error by the use of a magnet quite simply. 
' In this connection it was as well to remember that where one h^' 
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oop-magnetic materials, in which magnetic separation could be 
used, it was better to use a crusher made of relatively soft iron or 
fteel rather than a specially hard steel such as manganese steel, 
because manganese steels and most of the special steels which would 
contaminate the sample less were non-magnetiC| and one therefore 
could not use the magnet for the separation of the particles from 
ikxG sample. 

Xn the next place a question arose as to what should be done 
wlxen magnetic or partially magnetic materials had to be dealt 
with. The simplest method of dealing with these was to crush a 
portion either in an iron mortar or on an iron plate, and 
another portion in a Wedgwood mortar or a mortar of similar 
tti&terial, and then determine the amount of iron in each. By 
taking the amount of iron found in the sample crushed in the 
W'edgwood mortar as the iron natural to the sample itself, and 
deducting it from the iron found in the other samples, the amount 
of iron taken up could be ascertained and allowed for. 

Ee would like to refer to a paper also referred to by the author, 
n^xnely that by Mr. Eastaugh on * The Effect of Different Methods 
of Crushing on the Ash of Coke,' read before the Institution in 
y, 1916.* That paper made matters appear really serious, 
use it showed that the amount of ash in coke might be returned 
^'^^r 8% too high owing to the contamination of the sample 
^^^iring the grinding. 

-Also, he would like to say that coke was generally sufficiently 
^^gnetic to prevent the use of magnetic separation after crushing 
*^ Xn an iron mortar. 

^0 illustrate the point he had crushed a good sample of hard 
^^Xmace coke under conditions similar to those in the experiment 
"U quartz. 
Tihe following were the results : 
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The first series of ash determinations was not very encouraging^ 
although the sample was very carefully selected, and a size 
+80—10 taken to commence with, but on making the correction 
as already indicated, quite passable fesults were obtained. 

He would like to mention that the effect of the contamination in 
the two cases, tin ore and coke, was very different. For examplet- 
in the case of tin ore the iron acted merely as a diluent, whereas it^ 
the determination of ash in a sample of coke contaminated witl'- 
iron they not only weighed up the whole of the iron they had coxb-^ 
taminated the coke with, but during the determination of the asS^ 
they had oxidized it to ferric oxide from the metallic state, increa^ ' 
ing its effect by 48 %. 

Suppose one took a sample of tin ore containing 10 % of tin 
and a sample of coke containing 10 % of ash, and crushed botb:^ 
under such conditions as to get 1 % of metallic iron contaminating 
the samples, what result would it have on the final figures ? 
the case of the tin ore, instead of 10% of tin we should get 9*901 %^ 
whereas in the case of the coke we should get 11*829 % instead oH^ 
10 % of ash. So that while the contamination of 1 % of iron woulotf 
only make a difference of 0*1% of tin on a 10% tin ore, it wouldff 
make a difference of 1*8% of ash in a coke containing 10%. 

Turning to the question of the determination of tin, he himselS 
had a preference for the Pearce method. In laboratories where a^ 
large number of different samples of different origin were turning^ 
up he thought there was a great deal to be said for a method in 
which the whole of the material weighed up was obtained in solution* - 
At the same time he must confess that in laboratories where a large- 
number of similar samples were constantly being treated there was 
something to be said for the Lime and the Beringer methods in: 
which total solution was not obtained. 

With regard to the reduction of the tin solution by nickel, in the 
discussion* on Messrs. Wraight and Teed's paper he had pointed- 
out that there was a tendency for nickel to appear to be in a passive 
condition, in which case it did not act as an efficient reducer. This 
was a serious objection to nickel and one not shared by iron. 

There was evidence in the present paper that the author had 
also found this to be the case, and he had also given the results of 
a number of experiments using as a reducer metallic nickel of 
different origins. The results obtained were very interesting, and 
it would have been well if the author had devoted more attention 
to the behaviour of nickels of different origin, and ascertained why 
there was a difference in the results obtained. 

• Trans, vol. xxiii, p. 336. 
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Of coarse the use of zinc as a reducer of tin and also as a precipi- 
kator of tin was very well known ; it was largely used before the 
present methods of assay were perfected. From the figures given 
by the author, in the various tables, there would seem to be no 
special advantage in the use of zinc nickel over nickel except in 
the presence of certain impurities such as titanium. He thought 
that one of the great advantages of using zinc nickel would prove 
to be the saving of time, which was an important matter but one 
on which the author had given no information. 

He would like to add that after comparing the author's figures 
obtained in the nickel period and in the zinc-nickel period he had 
come to the conclusion that the higher results reported in the zinc- 
nickel period were probably due to greater care in the crushing of 
the samples in the first place and not to the use of zinc nickel, 
because, as he had already said, there was very little evidence in 
Eihe paper that zinc nickel was better. There was one table to 
^hich he would call particular attention, namely the table on 
K 20 ; it would be difficult from the figures shown there to decide 
^hich were the better or even the higher results, as in only one 
ase was there a difference of 0*1 %, and that could be considered 
fi within experimental error. 

He thought the paper would increase the interest taken in the 
netbods of determining tin and considered that a new research 
/as desirable in which pure solutions were used, in spite of the 
bjections of many assayers to work with anything but minerals in 
ji investigation of this kind. 

Mr. H. K. Ploard looked upon the paper as a valuable 
addition to the literature on the subject of tin assaying and was 
lure that all workers in that line would be grateful to the author 
or the trouble he had taken in carrying out and publishing bis 
researches. The author's labours, with those of other recent 
iiiTestigaftors, had now removed any justification for the charge, 
irhioh until recently had been levelled against assayers, that no 
satisfactory method for the assay of tin ores had been devised. 
Chemists as a rule had not the time or opportunity to investigate 
these methods in close detail for themselves, and were, therefore, 
obliged to rely largely on the literature of the subject. 

He was looking forward to reading the author's promised com- 
munication upon the assay of low-grade residues and ores, because, 
good as he thought the tin assay now was, it certainly had 
limitations when applied to material of from 5 lb. to 10 lU of tin 
per ton* 

The author dealt mainly with low-grade concentrates, stating 
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that difficulties were encoantered in the ausay of that class o^ •'^ 
material ; and, farther, that those difficulties were now removed. 

He (the speaker) was somewhat disturbed to find that aceordio g 
to the author there was difficulty in assaying ores of the characte^^' 
referred to. He had had occasion recently to deal with a nnmbe 
of parcels of ore of approximately the same value as the autho; 
discussed, and might mention certain figures obtained. He 
considered the last 24 parcels disposed of, without making an 
selection or omitting any of them, and would add that in no 
was a reference necessary. The average assay of the 24 lo 
obtained by the seller was 26*98 % of tin, whilst that of the buye 
showed a slightly higher figure, namely 26-04 % ; this he thoughti 
showed very satisfactory general agreement. Further, where the 
seller was higher than the buyer the average excess was 0-45%; 
and where the buyer was higher than the seller the average excess 
was 0*48 %. These results, commercially speaking, satisfied both, 
parties ; such differences as persisted he thought were due more to 
sampling errors than to discrepancies in method of assay. The 
author would probably reply that both buyer and seller were low ; 
he might say he was the assayer on the one side, using the Pearoe 
method, but did not know the method used by the other side. 

There were a few points in the paper to which he wished to refer. 
It was gratifying to read that, though difficulties were alleged to 
exist, these would be successfully met if they followed the method 
set forth by the author ; but, accepting this, it was unsatisfactory 
to read, a little later on, that ' by no procedure within the author's 
experience can any but low assays be returned on certain rough 
samples, viz., alluvial tin concentrate, jig samples of tin and tin- 
wolfram concentrate.' This means that even were the author's 
advice carefully followed, tbey were still not free from uncertainty. 

Mr. Bannister had referred at length to the question of grinding, 
and had put some convincing figures before them. He agreed with 
much that Mr. Bannister had said, but did not know how they were 
going to surmount this difficulty. It was a counsel of perfection to 
advise the grinding of all samples in an agate mortar, but he con- 
sidered this would not be capable of adoption in general practice. 
Referring to the test in which the author found 1*6% of iron soluble 
in HCl, this quantity by calculation would bring the tin contents 
down to 73-89 %, when compared with 74 % actually found, which 
was a remarkably close agreement. But he would point out that, 
though the ore before grinding had been treated with hydrochloric 
acid, it was likely that, if the first treatment had eliminated iron, 
some additional soluble iron compound might be liberated from 
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the ore on finer grinding, and that the whole of the 1*6 % of iron 
was not necessarily due to metal derived from the grinding plant. 
With regard to the Wedgwood tests, the log of the weights was 
interesting, but would gain additional value if the weights of the 
samples ground were given. 

As to the samples mentioned on the top of p. 9, he went, perhaps, 
rather further than Mr. Bannister, and took the view that the 
differences in assay might well be due to the uncertainty of correctly 
sampling material so coarse as 20 mesh, and that it might well have 
been impossible to prepare three samples of precisely equal value to 
start with. So far as the record went it showed that grinding on 
the plate yielded a higher instead of lower result : the author's 
explanation of this curious inconsistency, that the grinding plate 
could not have been sufficiently cleaned, was hardly satisfyinii; to 
him ; with such a careful manipulator as the author this amounted 
to begging the whole question. 

The author next counselled them to acid-clean their samples, 
particularly if ignorant of their character, ns by so doing they would 
know nothing of interferences ; yet in spite of this, the author shows 
that some concentrates gave lower results after acid-cleaning than 
did untreated material ; thus interferences apparently still existed. 

He did not propose to refer in detail to the interesting tabks 
gfivcn as to samples containing added impurities. It would bo 
impossible to criticize these effectively unless one had had an 
opportunity for checking the results; he therefore accepted the 
^gures without question. He would only say that on p. 17, 
Series B, there was a remarkable agreement in all the results given 
^here the zinc-nickel reduction was employed ; unless one knew the 
author's great skill, one might be tempted to quote Mr, Berin^er's 
Temark that * exceptionally concordant results were unconvincinL'.' 

He was glad to see that the author gave a recommendation as to 
how the iodine should be run in. He believed some assayers held 
the view that if all were run in at once, as recommended bv the 
author, one ran the risk of oxidizing substances other than tin 
which might be present; perhaps the author would elaborate 
this point. 

With regard to the last two pages of the paper, Mr. Bannister had 
dealt with the figures at the top of p. 25 ; but the speaker noticed 
that if they included the 20*8 % assay of parcel * 2 ' they would get an 
average of 19*8 %. Strictly speaking, all three assays ought to have 
been averaged, and they were not justified in assuming that 20-3 % 
was any more likely to be correct than 19*7 or 19-4. Presumably the 
two latter were obtained by ordinary nickel reduction, and as, in the 
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absence of interfering substances, the author had shown in several oi 
his tables that plain nickel gave as good a result as zinc nickel, tb^ 
speaker's opinion was that the dififerences shown were quite as likely 
to be due to sampling error. 

The list of 78 assays of samples sold certainly bore out tb^^ 
author's contention that he got a higher result by zinc-nick ist*^ ' ^ 
reduction ; but he was not equally certain that the author 
proved that the use of zinc nickel was the cause of the highe 
result ; nor, which was of greater importance, that it was neoessaril 
the correct result. On examination of the figures it would be foun 
that the buyer's average assay of the whole lot was 18*96 % and tin 
reference assay 19*6 %. The difference between buyer and selle 
(taking the latter at 20 %) was unduly large ; but as between selle 
and reference (20% and 19*6%) the difference might well 
accounted for by slight discrepancies in samples ; to his mind it di 
not prove that in giving the higher result the zinc-nickel metho<^^^^ 
was necessarily more correct than the plain nickel. 

Mr. W. H. Tre war tha- James said the paper, practical! 

speaking, could only be discussed by assayers in professional prac- 
tice ; but it was also interesting from other points of view, to whicbzC^^s^ 
he might refer. 

This paper was published by the Institution of Mining anc» .^^^ 
Metallurgy as one of its Cornish Tin Research papers, and b^ m:^^ 
thought they were all quite pleased with the standard which th^ m:Jiq 
author bad maintaiuod ; they might congratulate him and tbtd^ .t:Ae 
Institution on the timely presentation of an important contribution"*! ^^" 
of that character. The author bad embodied in it the work almosr ^ ^^^ 
of a lifetime, and the paper was full of valuable practical directions. -^^ ^^' 

Mr. Bannister had already referred to the very interesting war^C--^^^ 
in which the author had developed the question of the dilutioncr^ ^^° 
produced, when grindinp^ samples, by the abrasion of the grinding^^ ^^^ 
medium, due to the hardness of the cassiterite, and the relative:^ ^^^^^ 
softness of the pestles and mortars which were in general use. He^^^-^® 
did not know if professional assayers would admit that they were^^^*^ ^^ 
not fully aware of the extent of this source of error, as claimed b}'^^*^^^ 
the author, but it called for serious attention, and apparently ihe^^ ^-^^ 
only remedy is to prepare all cassiterite samples by grinding with xJ^ ^ 
an agate mortar and p(»stle. 

On p. 7 the author stated that the ditlercnces shown in the ^^ ^-'^ 
table were clearly due to th(^ method of grinding, and not to ^^ 
dilTerences in the methods of assay. He did not agree with that. - ^ ' " 
The dilVerences in the table were so inconsistent and variable in ^^ 
themselves that it was unlikely that they were due solely lo <-^ ^ 



t)ISCt;8S}0K. 11 

lilutioD ; more likely they were due in part at least to 
I assay errors. 

[ they got 67*25 % by the Lime method unpowdered, 
y the Beringer method powdered. It was difficult to 
he data put forward a variation of 2*45% was caused 
ing of one sample, whilst in two similar caises the 
s within 0*4 %. 

p. 8, the author stated ' with regard to pestle C, its 
ebruary 26th, 1914, was 445 grm., and by May 19th, 
D[ht had decreased to 437 grm. ; in this period it was 
)r tin concentrate, and the approximate number of 
80.' Presumably those 8 grm. of material entered 
pie. He asked the author if it would be fair to assume 
prized about 10 grm. each time. 

N. Hutchin said the lost weight of the pestle would 
mbled, to allow for the abrasion of the mortar. 
Krartha- James thought it would not necessarily be 
e mortar loss might be much less. 
1^. Hutcllill said he had given his opinion that the 
as in fine grinding. If a smelter wanted to grind he 
n ; fine grinding was done on a small quantity only. 
wartha-James continuing said that assuming the 
int finely ground was 10 grm., and the average content 
3t. tin, then the actual dilution due to the loss by the 
worked out at 1*82 % in that particular case. If, how- 
sumed the average tin content to be 20 % on the same 
jrence would be only 0*52 %. If they knew also the 
aortar, there would be still greater dilution, but he did 
would be equal to the pestle loss. Again, taking the 
3r of samples on p. 7, where 240 samples were prepared 
^hen the difference in weight worked out at 18 grm., 
tme factor, average amount ground fine, equal 10 grm., 
erence due to dilution from the pestle alone was only 

was that he did not think one could accurately determine 
:e by mere comparison of assays. The only way to 
le actual dilution, in his opinion, was by carefully 
) pestle and mortar over a long series, and carefully 
le quantities ground fine, and the metallic contents. 
)robably held the same view or he would not have kept 
ortunately his data was not complete. 
>r had certainly given sound advice when he recom- 
ise of the agate pestle and mortar for preparing tin ore 
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Kftraples. That ahonld be compulsory. If he were to make ao 
agreeiiiGDC to-morrow for the purchase and sale of tin ore he shoulA- 
ppecify how the sample was to bo prepared, how the inoislure abonlf*- 
bo aacertaiiicd, and tbci method by which it was to be assayed, as wa^l 
done in all ore c^^ntracts in Canada and America. 

With regard to arbitration assays and the splitting limits, it waaV 
understood thu usual splittiof; limit was 1 %, which showed dearlj"" 
enough thiit the trade was tiatiafied with a concordance, under or^ 
over, of 0-5 %. Would the author state what was the spUtting limibS 
tor the 7S reference assays on p. 26. 

Mr. H. W. Hutohln r*a.id it was 1 %. 

Mr. Trewartha- James said that showed what the position was, I 
The question of didagruemout between buyers and sollora' assays 4 
and rutiirence assays, and the practice of BpUtting limits, was not i 
strictly a question of pure assaying at all, nor evidence of correct 
niuthodi or accurate practice, and he was not sure that the paper ' 
would nut be rery much improved for publication if that part of it 
were omitted. The differencea botween sellerB and buyers' assayers 
ought not to be quoted ax evidence on the qtiestion of aconr&te 
ttsnnyiut!. 

Thep:tp.}rRhfiu-f,:l thfit !i .^roal df,i| of inipnvhiiici' wa^i attached 
to the assay of low-grade concentrate. Most of the Cornish high- 
grade concentrate was still sold by the ticketing system. Thia 
required no comparison of assays, no reference, no splitting limit, 
but the price obtained by that system was subject to unexplained 
variations. The sale of concentrate by agreement based on assay 
value and marltet price of tin was gaining ground and gave a true 
and proper method of buying and selling tin ores and concentrate. 

It was interesting to note that the market for low-grade concentrat« 
was rapidly extending. He believed that was due to improved 
processes coming into use, hence the author had rightly devoted 
very special attention to the correct assay of a concentrate 
containing 15% to HO % met, tin. 

He would look forward with very great interest fo the further 
paper which the author had promised on the assay of low-grade 
material containing from 0*5 % to 2-5 % met. tin, l)ecause he 
entirely agreed with Mr, Picard that whilst they were pleased to hear 
that the higher-gr.adc materials could now be assayed with rcaRonahle 
concordance, tliey still knew that with lower-grade material, and 
particularly with 41b. to 101b. tailings, they got large variationa 
which have not yet been fully explained. 

He desired to repeat his high appreciation of the author's work on 
this special subject. 
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Mp. Sydney W. Smitll said that he had read the paper 
with a great deal of interest. He had also re-read the author's 
pre-vious paper, published in 1914,* and also some considerable 
portions of that memorable discussion which followed, a discussion 
wlaich he thought occupied 76 pages of the Tramactions of the 
Institution. It seemed to him that the present contribution formed 
an admirable supplement to the previous one, and also to the paper 
of Messrs. Wraight and Teed which was presented at the same time 
and which was discussed conjointly with Mr. Hutchin's paper. 

At the same time, he felt that a mere acquaintance with the 
literature of the subject did not entitle him to offer any sort of 
criticism, because his experience of the tin assay was confined almost 
entirely to tin alloys. His experience, therefore, began at a stage 
'w^bere, if he interpreted the literature correctly, most of the 
difficulties in assaying tin ores and concentrates should really have 
come to an end; that was to say, a stage where comparatively pure 
tin solutions merely required reduction and titration. Even at that 
stage, however, one was struck by the number of possible variants 
'^liich were presented. Those that occurred to him were, for in- 
stance, the acid strength of the solution, the volume of the solution, 
^he particular reducing agent which was to be used, and, if one 
^sed nickel, what particular brand or kind of nickel would be most 
suitable. Then again, there was the method by which the solution 
should be cooled so as to avoid oxidation, and the particular strength 
^^ iodine which should bo used in titration. There was also a ques- 
'^on of the proportion of potassium iodide in which the iodine should 
"^ dissolved, and the particular character and amount of the starch 
'^Ost suitable as an indicator. Those were all factors which might 
^^Xe an influence on the result. The fact that the tin assay pro- 
^^ted so many possible sources of variation in procedure, accounted 
P^^haps for the voluminous literature on the subject. 

But there was also another feature which was perhaps largely 

'^^ponsible for a great deal of the trouble which had arisen in con- 

^^ction with that assay, and that was the very desirable end, \vliich 

^^^ always kept in view, of bringing a chemical determination, 

^^^^ectly accurate in itself, within the limits of what was usually 

^^rded as an 'assay,' namely, something which was rapid, suffi- 

^^^ntly accurate, and which admitted of the minimum remuneration. 

^iJe constantly found in the paper, and also in other papers, advice 

i ^Vtb regard to taking precautions, which tended to make that short - 

L ^ning of the process to which he had referred more and more 

1 difficult. 

1 • Tran$, vol. xxiii, pp. 269-79. 
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For instance, on p. 22, the author said, < As a matter of prudence 
it would be better to remove other than small quantities.' That 
sort of recommendation, as a matter of prudence, cropped up con- 
tinually in works dealing with the assay of tin ores or concentrates. 
It rendered the task of one who wanted to turn out a number of 
assays quickly, very difficult. The whole question of procedure, 
therefore, seemed to depend on being able to find quickly and 
exactly to what extent time-consuming operations might be either 
omitted altogether or shortened. Anyone, of the author's experience, 
familiar with all the usual difficulties, had onlv to consider the 
unusual and exceptional difficulties. It was quite clear that the 
author would arrive at some suitable method much more quickly 
than a person with less experience dealing with an ore with which 
he was not familiar. 

With regard to the use of nickel, Mr. Bannister had pointed out 
that several brands of nickel had been considered, that they bad 
been considered under names indicating their origin, and that some 
doubt existed as to their applicability. Mr. Bannister would go the 
whole length and abolish the use of nickel altogether. The author's 
position was almost similar, because he advocated partial reduction 
by zinc, finishing ofif with nickel. They appeared to be in agree- 
ment as to certain objections to nickel. 

He thought that the method of referring to nickel provided by 
various firms should be modified so that they might really know 
something about the nickel. He thought some definite idea should 
be obtained as to its purity. Presumably there were impurities 
present in the brands used, and perhaps one benefit which they 
might obtain after the war would be a Bureau of Standards, where 
brands of pure metals might be verified, so that they might not 
have to rely on any of the dealers, however reputable, for their 
standards. That was a matter which ought not to present very 
great difficulties. 

lie thought the author's statement at the bottom of p. 27 was 
fully justified, that : ' There are good reasons for the hopeful state- 
ment that workers with a knowledge of the imperfections and weak- 
nesses of the assays based on the iodine titration will, if that know- 
ledge is applied, return assays in agreement even when difierent 
methods are pursued.' 

Mr. E. A. Wralgrllt said that for certain reasons his remarks 
must be taken as strictly unofficial. He had really only attended 
as a listener. He was glad that the President had not called upon 
him till the last moment, because practically everything that he 
eoald have said had been said much more effectively by other 
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speakers, especially by Mr. BanDister, who had cut the ground from 
Tinder his feet in an admirable manner. 

He really could not understand the great prejudice which assayers 
seemed to have against nickel. He had always regarded nickel 
as being far and away the best reducing re-agent to use, and one 
which gave an extremely clean solution. 

The members would remember the paper by Mr. Teed and 
himself which had been presented about three years ago. They bad 
conducted about 800 assays, and in every one they had used nickel 
as the reducing agent. He did not know what Mr. Bannister's or 
the author's methods were exactly, but he would state what 
Mr. Teed and he had done with their nickel, and they had no 
trouble at all. First of all they cut the metal into several strips. 
Directly the assay was over they poured the solution from the 
flask and placed the nickel in a beaker of water. When wanted 
^^rain, there was that nickel, to all intents and purposes the same 
i^ickel as in the previous assay, and they used it over and over 
*gain without experiencing the slightest difficulty. They never 
^ound the metal assuming the passive state. If he ever returned 
^ professional assaying again, he would certainly return to 
"Nickel. 

7he effect of grinding and crushing had been frequently men- 
tioned in the course of the very interesting discussion. He thought 
*^^e point had been overlooked by everybody. They were all 
*^^king for the causes of dilution, and spoke of Wedgwood mortars, 
^^cking boards, and so on, but one important fact seemed to have 
^^^«n missed, namely, the effect of 'dusting.' He considered the 
^Occtof dusting far more important than any dilution which might 
^^ introduced through grinding and crushing. If one took 5 grni. 
^f any sample and ground it in any sort of mortar he would 
S^^arantee that unless the mortar was of a particularly soft descrip- 
tion they would certainly not get 5 grm. of a crushed sample out 
^iKain ; they would get appreciably less. 

That was going to form the subject of a contribution at a sub.'^e- 

^tient date: at least that had been his intention; but he did not 

^i^ow when be should have an opportunity of again indulging in 

P^fessional work, and therefore was going to give that information 

^ the members for the benefit of those who had time to go into 

^^e subject, i.e. the effect of dusting. Although nothing to do 

^th tin, he could give rather a forcible example in the case of 

^pper. He once had 15 tons of copper ore to experiment upon, 

in order to determine the effects of jigging, crushing, screening, 

«ke. That copper ore was not unknown to their President. He 
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had had to weigh most carefully every product from every operation. 
The copper ore was a rich one, running about 16 % in the first 
instance, and 1 ton of it, after weighing all the products of the 
various operations, yielded something like 18f cwt. That meant 
that there was 1^ cwt. lost in grinding and screening. 

It might be said that the analogy was rather far-fetched between 
grinding on a big scale and crushing in a mortar, but perhaps it 
was not so far-fetched if one likened it to crushing in an iron 
mortar or on a bucking board. In the case of coke, dusting did 
not matter ; presumably the product which passed away was all of 
the same chemical composition, but when one was crushing an ore 
which consisted of several different components, the effect of dust- 
ing could not be lightly disregarded. 

The particular copper ore mentioned gave about 16 % in the 
cnido state as received from the mine, or, at any rate, as he 
received it; he did not know what preliminary treatment or 
dressing had been effected before he got it. After clearing the 
workshop and collecting every fragment they c6uld off the shafting 
and belting, and so on, though he certainly did not succeed in 
collecting the full amount he had lost, he recovered quite a con- 
siderable proportion of it. He found that the copper percentage 
was raised to about 28 % in the dust, the reason being that the 
copper pyrites present was much more friable and more easily 
disseminated than the gangue of the ore. 

He would give another example, which was even more striking. 
The Falcon ore ran about 2*8 % of copper, or it had done so when 
the mine was first opened up. The lower levels contained con- 
siderably richer material. He had had a large parcel of the 
surface ore, and was conducting an exactly similar series of 
experiments as in the case previously mentioned. The figures he 
obtained were even more remarkable. The copper portion of the 
Falcon ore was very friable indeed, and formed one of the most 
difficult problems to solve in the treatment of the ore. He col- 
lected the dust after the experiments were over, and to the best of 
his recollection, the work being done several years ago, the dust 
from that copper ore assayed somewhere about 11 %. He thought 
those figures were quite sufficient to show that the effect of 
dusting was very considerable, and certainly could not be lightly 
passed over. He thought the figures which Mr. Bannister had 
shown with regard to iron in the samples which had been ground 
on the plate and in the iron mortar might be partly explained by 
dusting. There was a free current of air on a bucking board which 
might waft away a considerable proportion of the ore. On the 
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other hand an iron mortar was comparatively enclosed, and one 
was not likely to get such a big loss as with the iron plate. 

He hoped that if any future work was done on the effects of 
grinding and crushing those points would be taken into considera- 
tion. It might be found they had quite a considerable bearing on 
the dilution or enrichment of samples. 

Mr. H. W, Hutollin, in reply, said that the reference assays 
were rather delicate ground. The sellers' assays were taken from 
his record book ; not from the exchanges. As far as the reference 
assays were concerned, they were taken from the reference certificates. 
The buyers' were as they were received in the exchanges. So that 
the sellers* and the reference assays were actual assays. 

He proposed to give his reply later on in writing, but there was 
one other point he might mention. It was not to be assumed that 
he hopelessly condemned nickel as a reducing agent. He stated 
clearly and distinctly that there were lapses. Taking his professional 
experience, he put the question of relying absolutely and solely on 
the completeness of the reduction of nickel behind him. If he were 
compelled to work with nickel he would be quite satisfied to use it, 
but he would use titration after titration : he would have to take 
steps to meet the situation. 

He wished to make a little explanation. His laboratory was a 
works laboratory, and the paper was the result of work done in his 
odd moments, and was not a continuous piece of work. It must 
be criticized in that light. 

Mr. W. H. Trewartha- James expressed the hope that 
figures might be given later on the effect of ' dusting/ in preparing 
samples of various minerals. Would the effect caused by dusting 
counterbalance the effect produced b]^ the abrasion of the pestle and 
mortar? 
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Mr. R. G. Qrlffltb. : I should like to congratulate the author 
on the courage shown in producing his second paper on this subject. 
It is one that has provoked much discussion in the past, and will 
still do so in the future, especially now that more complex ores are 
being treated. I wish to make the following comments and friendly 
criticisms. 

The question of contamination by crushing is an important one. 
As thi9 is*an operation usually performed by a Junior, who often 
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lacks knowledge of the dangers incurred, it is well that the anther 
has called attention to it. 

On p. 10 the author states : * The substitution of nickel for iron 
as a reducing agent was an improvement, and has met with general 
acceptance.' I am afraid I must take exception to this statement 

In our laboratc»y the Pearce method is frequently used, and our 
experience of nickel reduction has been very unsatis&ctoiy. We 
consider this to have been largely due to variations in the purity of 
the nickel, and it was because of this inconsistency in the action of 
this metal when used for tin reduction that we gave up using the 
same, and have for some time past used pure soft iron, the quality 
of which is not nearly so variable. 

When obtaining a fresh stock of iron, we always test it by means 
of a blank experiment, which is carried out under similar conditions 
to an assay, and reject it if more than 0*10 cc. of iodine is con- 
sumed (iodine strength 100 cc. = 1 grm. tin). Iron passing 
such a test has, in our experience, been quite satisfactory for use in 
tin reduction. 

Many blank experiments were carried out with various brands of 
nickel, and consumed much more than this, and perhaps may be 
one of the causes why the author has obtained such varying results 
when using nickel from different sources. 

Similarly, blank trials with ferrum redactum consumed much 
iodine ; for this and other reasons it was not considered suitable 
for use. 

I should like to emphasize the point, that when reducing with 
iron, I consider a period of 20-26 minutes from the time of de- 
colorizing (i.e. the ferric iron has been reduced to ferrous) is quite 
sufficient, provided also that the reduction is very brisk ; a sluggish 
reduction invariably produces low results. 

My experience of the effect of copper when iron is used for 
reducing is somewhat different from the author's, and is shown in 
the series of results tabulated below, made by my head chemist, 
Mr. C. E. Barrs : 

Copper present (about 9 %). Copper removed. 

1 21-25% 21-06% 

2 18-58% 18-81% 

8 21-28% 20-96% 

4 1716% •16-87% 

6 20-82% 20K)8% 

6 18-27% 18-16% 

7 16-67% 16-81% 

8 20-74% 20-50% 
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In conclnsion, I shall look forward with pleasure to further 
communications on the wet assay of low-grade ore and tailings, a» 
the many discrepancies which may arise in this material can easily 
lead to serious errors. 

Mp. WilliaiXI KlttO : The reception of Mr. Hutchin's paper 
at the meeting of the Institution was to me somewhat disappoint- 
ing, as it included more than one novel point ; but I have little doubt 
that the reason was at any rate partly due to the fact that the 
majority present had been unaware of the zinc-nickel reduction for 
tin concentrates as compared with the nickel reduction, and bad 
not had time to make a fair comparison of the two methods. 

In conversation with the author about a year ago, he suggested 
the use of zinc dust to me for a trial and opinion, and after a short 
series of comparative assays by both nickel and zinc -nickel reduc- 
tiion the advantages of the latter method was soon apparent. Not 
only was the reduction period reduced from 1 or 1^ hours to about 
15 minutes, but I found better agreement in duplicate assays, the 
incomplete reduction sometimes experienced with nickel being 
eliminated. I see no reason why zinc dust should not be used in 
<K>njunction with iron instead of nickel as a reducing agent, but 
Iiave not had time for experiment with this combination. 

The author, perhaps, did not make the advantages claimed for the 
use of zinc sufficiently clear. I have had this modified method of 
xeduction, in conjunction with the Pearce method of fusing the 
«issay, in use for a considerable time on concentrates, during which 
time hundreds of assays ^have been made, and I am of opinion that 
the majority who use nickel at any rate will, after a fair trial, adopt 
the use of zinc dust as well for solutions rich in tin. 

Another most important point in the paper is the question of acid 
cleaning. This procedure I have never abandoned during nineteen 
^ears for any of the different methods in use from time to time, 
tIz., the old Cornish assay, the cyanide method, hydrogen reduc- 
tion, Beringer process, Pearce or Lime methods, except in the 
case of clean cassiterite when the procedure is unnecessary ; and my 
experience during later years with many pyritic and other rank 
concentrates, including many of the Cornish ones referred to in the 
paper, shows more than ever the necessity of continuing this step,. 
notwithstanding what has been written to the contrary. The skip- 
ping of this procedure has often taken place, lam afraid, in laboratories 
since Messrs. Wraight & Teed demonstrated that arsenic did not 
interfere in the Pearce assay under certain specified conditions, 
which was based on the well-known fact that it can be distilled off 
from a solution of tin and arsenic chlorides. In the case of some 
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Interfermtt from otiirr Salts al»o in Solution, — \Vhile the Beriager 
And Hutchin methods have the possibility of objection on tbe 
gronnds that the whole of the tin may not be in solution, tte 
Pearce method on the other hand is suhjeot to the criticism tiist 
since everything origiaally in tbe material to be assayed is ia 
solation, conditiona favourable for tbe maximum interference of salts 
undonbtedly exist. 

Such, briefly, are the main outlines of the subject of tin assaying 
as it exists to-day. Were more detailed consideration indulged in, 
inuch could be said on Such questions as; 

The acidity of the Soliition.^y/D ourselves found after carefial 
experiment ''' that ivith increasing acidity a decreasing interferes^ 
.arose from the presence of arsenic (a fact not confirmed by St*-s 
Hutchin), but on the other hand, increased interference from titanin 
salts was found to take place, the latter difficulty being got over t^y 
means of an original fusion with potassium hydrogen sulphate. 

Inni lledurlion.^-Both Mr. HutcbtQ and we ourselves t rega»=^^ 
reduclioo with 'ffrrum redactum ' as a sure way of introducii—^ ' 
errors in the determination of tin in tailings and low-grade ores, b^^*-" 
■on the other hand Mr. Picard J advocates its use. 

f'op/ui: — lioth Mr. Hutchin and we find that copper in coc^"^^ 
Biderable quantities causes an interference that requires speci^^^ 
treatment. Here, perhaps, I may be permitted to join iasae wit,*^^ 
Mr. Hntchin. He, it vonld appear, mildly reproaches as tor failing ^ 
to definitely state how great a percentage of copper must be preeeu^^ 
before special methods are employed. Wonhl it not be as jaat t«>-^ 
reproach a zoologist for failing to state at what ag6 a kittei^^^ 
becomes a cat ? 

Though the assay of tin in ores and concentrates has improvef:^ 
ftnd is improving largely aa a result of such works as those of th^^ 
late Mr. J. J. Beringer and Mr. Hutchin, it is not yet "ntirrl]' f 
satisfactory— a fact clearly proved by sending a sample of the samc^^ 
material (say a dirty Nigerian concentrate) to several different^' 
Assayers of the highest repute. Therefore, it is suggested that the^^ 
Institution, at the termination of the War, appoint a Committee to ^ 
investigate and report on methods for the determination of tin in 
■ores and concentrates. Such a committee was asked fur nearly 
fourteen years ago by Mr. J. F. C. Abelapi6s,5 and its usefolness 
-would be even greater now than then. By giving an authoritative 

* TruTu., vol. isUi, p. 3«8. 
t Trant., vol, iiiii, p. 872. 
j rran»., vol. iiii, p, 276. 
f Tniiu,, vol. liii, p. 100. 
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opinion on this important question, the Institution would make a 
notable and valuable contribution to the general improvement in 
technical methods, a contribution which would be of the greatest 
help and usefulness to the tin producers of the world, who happily 
almost entirely located within the Empire. 



The President said with regard to the most interesting and 
valuable paper, 

'Hydraulic Tin Mining in Swaziland,* 

by J. Jbbvis Gabrabd, Member, 

there was unfortunately no time to introduce it, but it would be 
^cussed by correspondence. 



25 



CONTRIBaTED REMARKS 

ON 

The Eoonomio Geology of the Insizwa Range.' 

By W. H. GooDCUiLD, Member. 

)r. A. L. du Toit : It is a pleasure to find that the main 
elusions of the geological survey have been confirmed by Mr. 
>dchild in his extremely well-reasoned paper, a contribution 
ch will be much appreciated by geologists in South Africa. 
t was only through the work carried out subsequently over the 
fining region that definite evidence was forthcoming bearing 
n the nature of the concealed base of the Insizwa mass. 
lie pressure caused by topographical and geological fieldwork 
rented the fuller working out of the many problems that pre- 
>ed themselves; moreover, Mr. Goodchild had the advantage 
Being a later stage of development and of obtaining. data which 
BLs either refused or requested to consider as confidential. 
n one point I have to dissent entirely from the author*s con- 
'ion, namely, the physical state of the sediments at the time 
lieir intrusion. The strata at Insizwa and Tabankulu are of 
tnian age, and the horizons, which once overlay the region and 
Qh are fully developed some miles to the westward, comprise 
>vhole of the Triassic, between 8500 and 4000 ft. in thickness, 

an unknown amount of Rhtetic basalts (belonging to the 
rmberg series) The Karroo dolerites, of which the gabbros and 
ites form merely a local phase, were injected at the close of the 
tit outpourings and are most probably of very early Jurassic age. 
' younger vertical dolerite dykes can only be slightly later in age, 
in some instances they acted as feeders to the sheets injected in 
liigher strata. 

here was sufficient time consequently to allow of the consolida- 
I of the sediments in question (prior to their intrusion) into a 
lition approaching that of the present day, for, apart from the 
sequent Cretaceous and Tertiary uplift and denudation, the beds 
Q escaped tangential pressure and thermal alteration, 
^econdly, there are no clear signs either here or elsewhere that 

strata immediately beneath these basin-shaped sheets have 
ged down under the influence of the invading magma, and the 
er is therefore regarded as making its way along an undulating 
ck, represented in plan by a more or less regular series of ' domes ' 
i ' basins ' with a diameter of from 5 to 15 miles and an amplitude 
Erom 1000 to over 8000 ft. 
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undoubted evidence of the existence of similar rock beneath the 
gabbro cover several miles away to the south. Picrite has been 
observed, for instance, in the Matatiele district building up an 
inclined sill, which at a higher level and farther along the outcrop 
is a normal dolerite, and the more basic facies is actually neither 
At the extreme base of the intrusion nor in a hollow caused by a 
local reversal of dip of the latter. 

The picrite in the Insizwa workings to which Mr. Goodchild refers 
was noticed at a later date, and its position there makes it certain 
that this ultrabasic phase must underlie the range as indicated 
graphically by him. 

It seems likely that the cooling of the magma progressed princi- 
pally from above downward, and that the picrite arose through the 
jsinking of olivine crystals and was about the last to remain fluid. 
The mineral banding, so frequently noticed, may, perhaps, be partly 
-due to gravitative action ; but at about the upper limit of the picrite 
at the Tabankulu this character is so marked as to cause the rocks 
to resemble outwardly archaean gneisses ; the fluxion structure has 
probably been developed through the cake of gabbro pressing upon 
its partially solidified base, and causing the latter to squeeze 
-outwards — an action aided by movements set up by contraction 
invoked by the change in volume from the liquid to the solid state. 
I have pointed out that the gabbro and norite carry only small 
amounts of magnetite and ilmenite, considerably less than the 
normal dolerite. This has obviously been brought about by the 
replacement of the oxides of iron by sulphides, and the concentra- 
tion of the latter in the base of the sheet has left the rocks above 
with a deficiency of iron ores. Mr. Goodchild's demonstration of 
the abnormal composition of the mineral at Insizwa taken for chal- 
copyrite may explain the apparent deviation from the order of 
separation of the sulphides observed elsewhere; the suggestion that 
this may be due to lower pressure has in its support the fact that 
the cover at Sudbury must have been at least twice and possibly 
thrice as thick as that in South Africa. 

The paper is welcome both from the scientific and economic 
aspect, the more so at this juncture when the resources of the 
Empire are under review. 

Note. — A geological map (Sheet 27, Geol. Survey of S. Africa) 
and explanation which embraces the Insizwa area is expected to go 
to press shortly. 
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The TWENTY- SIXTH ANNUAL GENERAL MEETING 
of the Institution of Mining and Metallurgy will be held, 
by kind permission, at the Rooms of the Geological Society, 
Bnrlington House, Piccadilly, W., on THURSDAY, APRIL 19th, 
1917, at 6.30 o'clock p.m. 

AGENDA. 

(1) Minutes of previous Annual General Meeting. 

(2) Appointment of Scrutineers to examine Balloting Papers. 
(8) Report of Council and Statements of Accounts for 1916. 

(4) Votes of thanks. 

(5) Election of Auditors. 

At the conclusion of the business of the Annual General Meeting 
the following Papers, copies of which are attached, will be submitted 
for discussion : 

Stope Measurement at Messina. 

By William Whyte, Associate. 

Platinum In Spain. 

By F. GiLLMAN, Member, 



Copies of the Report of Council and Statements of Accounts 
for 1916 are attached hereto. 



The Council invite written contributions to the discussion 
of Papers from any members who may be unable to be present at 
the Meetings of the Institution. 



Tea, Coffee and Light Refreshments will be provided at 5.0 p.m., 
for members and visitors attending the Meeting. 
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menti ef the By-Lsns. 

The Application Forms of Candidates for Membership or Auoclateihip mill ti 
opin for Impaction af the Offfca Of tHe Institution for a period of at least ^^to 
months from the date of the Bulletin In nhlch their appllcaliom are announ(=^=iil- 



The following have applied for Admi^eion since Mnrch 15M 
1917:— 



Hiirlantl, Bolnrt Main (Lomlon). 
Leighton, Kraost WiUiam (r,("t((c'ii). 



Crnriier, Pwiylit L.'wis (Taroy. Loircr Hiiniia). 
Glen, Alexander {Glasgow). 

Hill, John Whitelftw (Saraijnta, Northern Nigeria). 
Loring, Edward Amos (Lovdoii). 

The lollowing have applied for Transfer: — 

To Meubbrship — 

Hutchison, Lawrence George David (B.f.'.F.). 

To Associates HIP — 

Hill, Lawrenco Carr {B.E.F.) 
Mansfield, Francis Turquand {U.E.b'.). 



d 



ADDRESSES LOST. 
F. B. Bradahaw, 0. L. de Lissa, D. Nicholas, and J. F. Bicbards. 



BULLETIN NO. 151, 



WAR SERVICE AND DIPLOMAS. 

The Governors of the Imperial College of Science and Technology 
ve recently considered the conditions to be fulfilled in the case of 
adents of the Royal School of Mines, whose associateship courses 
study have been interrupted by their undertaking service with 
Forces of the Crown, or other approved war work, precedent to 
award to them of the diploma of Associateship ol the Royal 
tool of Mines in Mining, or in Metallurgy, or in Oil Technology, 
uch Students are advised to complete the full four-year course 
iey possibly can, but it is recognised that this will not always 
>ossible, and it has been decided in such cases, as a temporary 
dsure to meet the circumstances arising out of the war, to afford 
n an opportunity of satisfying the tests ordinarily imposed in 
than the full time. Each case will be considered and 
irmined on its merits by the College Authorities, and for their 
l&nce certain general principles have been laid down. These 
ude the contemplation of the possibility of a man completing 
X tests in three years — having regard to experience gained 
LXig the war — and, in that case, the reduction of the require- 
tt as regards practical work (shifts) by one-third, and the 
sibility of a man making good in certain arrears of subjects 
i^ng vacations, but it is considered inadvisable to make any 
ailment of the work of the first and second years, 
^rtificates will be granted to those Students who find they 
Hot return for the completion of the full course, in which will 
iet forth particulars of the parts previously taken. 



MOVEMENTS OF MEMBERS, 

embers of the Institution are Invited to send Information in regard to their 
ements to the Secretary for insertion under this heading. Members visiting 
ion are requested to register their addresses at the House of the Institution, 
re the Library, Writing Rooms, etc., are at their disposal. 

rlr. Reg. F. Allen, Assoc. Inst. M.M., is returning lo' England 
n Northern Nigeria. 

Ir. H. C. Bayldon, M. Inst. M.M., has been appointed General 
nager of the Spassky Copper Properties at Atbasar and Spassky, 
I his headquarters are now at Spassky (not at Atbasar, as was 
ted in error in the March lUdletin), 



() THE INSTITUTION OF MINING AND UBTALLUBOT. 



MOVEMENTS OF MEMBERS— «ontinti^d. 

Mr. H. C. BoYDELL, Assoc. Inst. M.M., has returned to England 
from West Africa. 

Mr. G. S. Evans, M. Inst. M.M., is returning to England from 
the Straits Settlements. 

Mr. G. Gordon-Helps, Stud. Inst. M.M., is returning to England 
from West Africa. 

Mr. G. S. Pearson, Assoc. Inst. M.M., is returning to England 
from Northern Nigeria. 

Mr. D. Benouf, Assoc. Inst. M.M., has left England for Northern 
Nigeria. 

Mr. Charles C. Soott, M. Inst. M.M., is shortly leaving England 
for the Straits Settlements. 

Mr. A. Stanley Williams, M. Inst. M.M., has returned to 
England from Northern Nigeria, on leave. 



INDEX OF RECENT BOORS. 

NOTE.-— Books marked with an asterisk are contained in the Library of the Institution. 



Banket, The. A study of the Auriferous Conglomerates of the Witwatersrand 
and its Associated Bocks. B. B. Young. London : Gumey and Jackson. 
Bs, 6d. 

Compressed Air Practice in Mining. D. Penman. London: C. Griffin 
& Co. 58, 

Geology of the Lake District. J. E. Marr. London: Cambridge 
University Press. 12«. Gd. 

Handbook of Briqi'etting. Vol. I. G. Franke ; translated by F. C. A. H. 
Lantsberry. London : C. Griflin tk Co. 30«. 

•Mineral Besoubces op the United States in 1915. Nickel, by F. L. Hess.. 
Washington, D.C. : United States Geological Survey. 

•Mines and Quarries: General Eepout with Statistics for 1916. Part II. 
— Labour {id.) ; Part III. — Output (3d.) London : H.M. Stationery 
Office. 

•Mining Manual and Mining Year Book for 1917. W. R. Skinner. 
London : W. B. Skinner and The Financial Times. 15«. 
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INDEX OF RECENT PAPERS. 

£.—Aii Papers Indexed may be consulted in the Library of the Institution. 



EMISTRY AND ASSAYING. 

mistry e( Manganese. M. L. Hartmann. 
ining Soientiflo Press, Ran Francisco, 
114, January 20. 1917, pp. 91-2. I5e. 

!€t of Centrifogal force on Colloidal 
lUons. E.R.AjreStJanr. — Metallurgical 
Chemical Engineering, New York, 
. 16, February 15, 1917, pp. 190-6. 25e. 

idj method for Assaying Tin Ores. 
A, Hendersen.— Engineering and Mining 
rnal. New York, Vol. 108, February 10, 
1, p. 267. 15c. 

rates from the air. W. L. Goodwin. — 
ladian Mining Journal, Toronto, Vol.38, 
>ruary 1, 1917, pp. 53-4. 16c. 

gin and Oeo-Chemistry of Magnesite. 
I. Dolbear.— Mining and Scientific Press, 
I Francisco, Vol. 114, February 17, 1917, 
287-8, irK?. 

I Assays. — The Mining Magazine, Lon- 
t , Vol. 16, March, 1917, pp. 181-2. If. 

.ining and work of the Chemioal Engi- 
V. (Paper read h^ore tha Faraday Society ^ 
r-ek 6tli, 1917.) Bir B. A. Hadfield.— 
iTnal, Society of Chemical Industry, 
a don. Vol. 96, March 15, 1917, pp. 276-8. 

aicllity of gold at high temperatures in 
^otpheres of air and other gases. W. 
^towitsch and W. PletnefT. — MeUl- 
Lieal and Chemical Engineering, New 
-k. Vol. 16, February 1, 1917, pp. 152-3. 



'<AL. 

^iption of Oxygen by Coal. Part X.— 
^*>nation of Water in the Oxidation of 
^. J. I. Graham. — Transactions, Insti- 
^«n of Mining Engineers, Vol. 52, Part 3, 
^17, pp. 348-54. 60. 

«laetting Coal by the Datoh Oil Process. 
^. Frey. — Colliery Guardian, London, 
- 118, March 9, 1917, pp. 480-1. 5d. 

^'^vo Coal Distillation Industry of Ger- 
^y. D. R. Stenart.— Journal, Society of 
frmioal Industry, Iiondon, Vol. 36, Fcb- 
>^ 28, 1917, pp. 167-76. 1«. 9(1. 

'lEkentation of the Llay Hall Colliery 
^fti. P. Sidebottom.— Colliery Guardian, 
>>don, Vol. 118, March 2, 1917, pp. 429-30. 

•«1 Mining in Alberta. J. T. Stirling.— 
111. No. 68, Canadian Mining Institute, 
^treal, February* 1917, pp. 118-24. 



COALr-^ontitiucd. 

Coals at Oxiey Creek, Hughenden district, 
Queensland. J. H. Reid. — Queensland 
Government Mining Journal, Brisbane, 
Vol. 18, January 15, 1917, pp. 5-12. M. 

Form and structure of the Coalfields of 
Scotland. D. Ferguson. — Transactions, 
Institution of Mining Engineers, London, 
Vol. 52, Part 8, 1916-17, pp. 856-91 . 6«. 

Fuel Economy. — The Mining Magazine, 
London, Vol. 16, March, 1917, pp. 129-31. U. 

Modem Coal and Coke Handling Machinery, 
as used in the manufacture of Gaa. J. E. 
Lister. — Transactions, Society of Engineers, 
London, 1916, pp. 65-95. 

New method of extracting the vaporous 
constituents from Coal Gas. B. Lessing. — 
Journal, Society of Chemical Industry, 
London, Vol. 36, February 15, 1917, pp. 108-7. 
U. 9d. 

Notes on the working of a dust-fired Boiler. 
C. A. King. — Journal, Society of Chemical 
Industry, Iiondon, Vol. 36, February 15, 
1917, pp. 114-17. U,U. 

Permeability of Coal to Air or Gas, and the 
solubilities of different gases in Coal. J. I. 
Graham. — Transactions, Institution of 
Mining Elngineers, London, Vol. 52, Part 8, 
1916-17, pp. 388-47. 6«. 

Portable Miners' Lamps. E. M. Chance.— 
Bull. No. 122, American Institute of Mining 
Engineers, New York, February, 1917, 
pp. 28548. $1. 

Prospeoti of the Carbonization of Coal with 
By-product recovery, as a South African 
Industiy. Discussion. — Journal, South 
African Institution of Engineers, Johannes- 
burg, Vol. 15, February, 1917, pp. 139-40. 2«. 

Recovery of Benzol from Coal Gas. F. W. 
Sperr, Jnnr.-— Metallurgical and Chemical 
Engineering, New York, Vol. 16, February 1, 
1917, pp. 185-40. 25e. 

Utilization of Waste Heat from Coke 
making. H. Peile.-~ Journal, Society of 
Chemioal Industry, London, vol. 36, Feb- 
ruary 15, 1917, pp. 112-13. le. 9<i. 



COPPBR. 

Aluminium • Copper : its properties and 
minute stmotural features. J. Scott. — 
Metal Industry, London, Vol. 10, March 23, 
1917, pp. 909-71. 4d. 

Cerro de Pasco Copper Mines, Peru.*— Engi- 
neering and Mining Journal, New York, 
Vol. 108, February 24, 1917, pp. 851-3. 15«. 



BULLETIN NO. 151» 



8 



INDEX OP RECENT PAPERS— coiUtnued. 



tentinued. 

log in British Colambia. E. 
madian Biining Joamal, Tor- 
, February 15, 1917, p. 76. 16e. 

the Mill of the Magma Copper 
iperior, Arizona. J . M. Callow, 
ng and Mining Joamal, New 
)8, February 8, 1917, pp. 218-17. 



ik Mine and Smeltery. D. O. 
Engineering and Mining Jour- 
rk, Vol. 108, Febmary 10, 1917, 

5e, 

?per deposits. H. Foster Bain, 
ig Magazine, London, Vol. 16, 
, pp. 145-9. U, 

pper Mines. — South African 
nal, Johannesburg, January 90, 
6d. 

ig in Russia: Copperl 8. H. 
Liow.— Engineering and Mining 
w York, Vol. 108, March 10, 
17. 15«. 

louroes of the British Empire : 
3. 6. Cullis. — Transactions, 
Bngineers, London, 1916, pp. 



of Native Copper in Arctic 
. J. O'Neill.— Bull. No. 69, 
Mining Institute, Montreal, 
» pp. I0O-6. 

f Bronzes for mechanical pur- 
8. Gulick. — Metal Industry, 
1. 10, March 16, 1917, pp. 257-9. 



IC8 OF MINING AND 
URGY. 

stem of Mining.— South African 
nal, Johannesburg, January 20, 
6d. 

Profits and Royalties. — The 
azine, London, Vol. 16, March, 
•8. I0. 

my. — The Mining Magazine, 
. 16, March, 1917, pp. 129-31. 1*. 

i Aid to Alaskan Mining. 
Btport 9Uid4 for the 0.8. Bureau 
r. A. Davis. — Mining and Scien- 
Ian Francisco, Vol. 114, January 
89-90. 15c. 

fbdenum Concentrates are 
- Canadian Mining Journal, 
}1. 88, February 15, 1917, p. 76. 



ECONOMICS OP MINING AND 
METALLU RGY— eonfteiMd. 

Influence of Science, Education and Legii- 
lation on Mining. W. Thomeyoroft. — 
Transactions, Institution of Mining Engi- 
neers, London, Vol. 52, Part 8, 1916-17, 
pp. 822-84. 6«. 

J. H. Mackenzie: a Superintendent of 
Mines. T. A. Riokard.— Mining and Scien- 
tific Press, San Francisco, Vol. 114, January 
27, 1917, pp. 112-18 ; 117-26. 16e. 



Legal Status of the Flotation prooc 

(Minerals Separation, Ltd. v», James M. 
Hyde.)— Metallurgioal and Chemical Engi- 
neering, New York, Vol. 16, February 1, 
1917, pp. 124-6. 26<;. 

Metric System and British Trade. F.W. 
Allen.— Mining World, London, Vol. 92, 
March 24, 1917, p. 285. 6d, 

Mining Companies' Dividends in 1916^— 
Mining World, London, Vol. 92, Mi^oh 8, 
1917, pp. 206-7. 6d. 

Need and advantage of a National Bureaa 
of Well-Log Statistics. W. G. Matteson.— 
Bull. No. 122, American Institute of Mining 
Engineers, New York, February, 1917, pp. 
287-90. $1. 

Need for a Metric System.— Mining Journal, 
London, Vol. 116, March 10. 1917, pp. 188-4. 
6d. 

Qualiflcations as Mine Manager. — The 
Mining Magazine, London, Vol. 16, March, 
1917, pp. 1^9. U. 

Sampling low-grade orebodies. H. D. 
Smith— Mining and Scientific Press, San 
Francisco, Vol. 114, March 8, 1917, p. 298. 
15«. 

Symposium on the high cost of Mining, 
Milling and Smelting. — Bull. No. 108, 
Mining and Metallurgioal Society of 
America, New York, December 81, 1916, 
pp. 262-84. 15e. 

Training and work of the Chemical Engi- 
neer. ( Faper read before the Faraday SceUtif , 
March €th, 1917.) Sir R. A. Had field.— 
Journal, Society of Chemical Industry, 
London, Vol. 26, March 16, 1917, pp. 276-8. 
1«. 9d. 

West Australian BdiningWages.— Journal, 
Chamber of Mines of Western Australia, 
Kalgourlie, Vol. 16, November 80, . 1916, 
pp. 297-804. 2*. 64. 



GEOLOGY, MINERALOGY, ORE 
DEPOSITS. 

Evidence of the Oklahoma Oil Fields on 
the Anticlinal Theory. D. Hager. — Bull. 
No. 122, American Institute of Mining 
Engineers, New York, February, 1917, 
pp. 195-8. $1. 
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/, MINERALOGY, ORE 
'S — continued, 

lena deposits. W. H. Goodohild. 
ng Magazine, London, Vol. 16, 
r, pp. 152-3. U. 

Btraotare of the Coalfields of 
D. Ferguson. — Transactions, 
of Mining Engineers, Vol. 62, 
•17, pp. 855-91. 6«. 

oocarrenee of Manganese. J. J. 
lining and Scientific Press, San 
Vol. 114, January 27, 1917, pp. 



>pper deposits. H. Foster Bain. 
Ing Magazine, London, Vol. 16, 
7, pp. 145-9. It. 

oal Classification of Igneous 
Holmes. -•Geological Magazine, 
arch, 1917, pp. 115-80. 2$. 

ssonroesof the British Empire, 
I to the production of non-ferrous 
metals. C. O. Cullis.— Trans- 
sietyof Engineers, London, 1916, 



)nia and the Isle of Pines. R.H. 
■Geographical Journal, London, 
)ruar7, 1917, pp. 82-106. 2$. 

1 Geo-Chemistry of Magnesite. 
tar.— Mining and Scientific Press, 
SCO, Vol. 114, February 17, 1917, 
lOe. 

Sudbury Nickel Ores. C. F. 
anr., and A. F. Rogers.— Engi- 
id Mining Journal, New York, 
sbruary 8, 1917, pp. 226-9. 15e, 



GOLD— eoaCimMd. 

Nickel Plate Mine and Mill, Hedley, British 
Columbia. T. A. Rickard. — Mining and 
Scientific Press, San Francisco, Vol. 114, 
January 20, 1917, pp. 804. 16e. 

Volatility of Gold at high temperatures in 
atmospheres of air and other gases. W. 
Mostowitsoh and W. PletneCf.— Metallurgi- 
cal and Chemical Engineering, New York, 
Vol. 16, February 1, 1917, pp. 152-8. S6e. 



IRON. 

Ferro-Cerium and other Pyrophorio Alloys. 
—Engineering and Mining Journal, New 
York, Vol. 108, February 8, 1917, p. 212. 
15c. 

Magnetic Concentration of low-grade Iron 
Ores. S. Norton and S. Le Fevre.- Bull. 
No. 122, American Institute of Mining Engi- 
neers, New York, February, 1917, pp. 
149-69. $1. 

Metal Mining in Russia : Iron. S. H. Ball 
and B. Low. — Engineering and Mining 
Journal, New York, Vol. 108, March 10, 1917, 
pp. 408-17. 15c. 

Mining Methods at the Magpie Iron 
Mine, Michipiootan district, Ontario. A. 
Hasselbring. — Bull. No. 59, Canadian 
Mining Institute, Montreal, March, 1917» 
pp. 281-72. 

Significance of Manganese in Amerioan 
Steel Metallurgy. F. H. Willoox.— Ball. 
No. 122, American Institute of Mining 
Engineers, New York, February, 1917, 
pp. 199-207. II. 



1. — Mining and Scientific Press, 
SCO, Vol. 114, February 17, 1917, 
15e. 

ing in Russia : Gold. S. H. Ball 
>w. — Engineering and Mining 
lew York, Vol. 103, March 10, 
0-17. 15e. 

tsal Problems of the Rand. H. 
a.— Mining and Scientific Press, 
Isoo, Vol. 114, February 17, 1917, 
15e. 

the Yellow Aster Otold Mine, 
, California. L. H.Eddy.— Engi- 
id Mining Journal, New York, 
ebruary 10, 1917, pp. 251-4. 15c. 

old Mining in Ancient Egypt, 
ampson. — Mining and Scientific 
Francisco, Vol. 114, March 8, 
19-809. 15e. 



LEAD AND ZINC. 

Calculation of Lead Blast Furnace Charges. 
B. Dudley, Junr. — Metallurffical and 
Chemical Engineering, New York, Vol. 16, 
February 1, 1917, pp. 129-86. 26c. 

Electro-deposition of Zinc from Aqueous 
Solutions. E. P. Mathewson.— Bull. No. 
69, Canadian Mining Institute, Montreal, 
March, 1917, pp. 289-60. 

Fluorite-(Hlena deposits. W.H.Goodchild. 
— The Mining Magazine, London, Vol. 16, 
March, 1917, pp. 162-8. U, 

Mineral Resources of the British Empire : 
Lead and Zinc. C. G. Cullis.— Transactions, 
Society of Engineers, London, 1916, pp. 
229-40. 

Zinc Oxide from Lead Slag. H. B. Pulsif er 
and G. Perlstein. — Mining and Scientific 
Press, San Francisco, Vol. 114, February 8, 
1917, pp. 161-8. 16c. 
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lY (General). 

lelter, Kellog, Idaho. J. 
aing and Scientific Press, 
Vol. 114. February 8, 1917, 



3ad Blast Famace Charges, 
nr. — Metallurgical and 
eering. New York, Vol. 16, 
, pp. 129-36. 25c. 

I an Acid-resisting Alloy. 
Metal Industry, London, 
. 1917, pp. 225-6. id. 

Cold- Wet Blast Furnace 
Bradley, H. D. Egbert and 
-Bull. No. 122, American 
ling Engineers, New York, 
pp. 209-28. II. 

roblems of the Rand. H. 
lining and Scientific Press, 
Vol. 114, February 17, 1917, 



dy of Non-Ferrous Metals 
J. Davis. — Metal Industry, 
February 28, 1917, pp. 178-7 ; 
p. 221-5. id. 

nentsin Vacuum Filtration 
tevens.— Journal, Chamber 
kern Australia, Kalgoorlie, 
Br 80, 1916, pp. 291-6. 2«. 6d. 

R. Wheeler. — Mining 
*reBs, San Francisco, Vol. 
17, pp. 296-7. 15c. 

the high cost of Mining, 
nelting. «- Bull. No. 103. 
Metallurgical Society of 
York, December 31, 191«, 



Ban Metallurgy. — Mining 
>re88, San Francisco, Vol. 
17, pp. 808-7. 15c. 

H. T. Durant.— Engineer- 
Journal, New York, Vol. 
, 1917. pp. 261-2. 15c. 



CONCENTRATION. 

Mill of the Magma Copper 
ior , Arizona. J . M. Callow, 
and Mining Journal, New 
i'ebruary 8, 1917, pp. 218-17. 



intration of low-grade Iron 

n and 8. Le Fevrc.— Bull. 

ican Institute of Mining 

York, February, 1917, pp. 



Ion in 1916. J. M. Callow.— 

nerican Institute of Mining 

York. February, 1917, pp. 



MILLING ft CONCENTRATION— 

continued. 

Stamp Milling. H. Mantle.— Mining and 
Scientific Press, San Francisoo, Vol. 114, 
March 8, 1917, pp. 297-8. 15e. 

Symposium on the high cost of Mining, 
MilUng and Smelting. Ball. No. 108, Min- 
ing and Metallurgical Society of America, 
New York, December 81, 1916, pp. S69»^. 
15e. 



MINING (General). 

Cementation of the Llay Hall Colliery 
Shafts. P. Sidebottom.— Colliery Goardian. 
London, Vol. 118, March 2, 1917, pp. 429-M. 
Cd. 

Handling Mine Waters. L. B. Bteith.- 
Colliery Guardian, London, Vol. 118, 
February 28, 1917, pp. 884-6. 5d. 

Metal Mining in Bossia. S. H. Ball and 

B. Low. — Engineering and Mining Journal, 
New York, Vol. 108, March 10, 1917, p#. 
408-17. 15c. 

Mine Unwatering with Air Lift. 8. H. 
Brockunier. — Engineering and Mining 
Journal, New York, Vol. 108, Februarys, 
1917, pp. 287-8. 15c. 

Mining Methods at the Magpie Iron 
Mine, Miohipicotan diatrict, Ontario. A. 
Hasselbring. — Ball. No. 69, Canadian 
Mining Institute, Montreal, March, 1917, 
pp. 261-7S. 

Mining Operations in Qaebeo in 1916.— 
Canadian Mining Journal, Toronto, Vol. 38, 
February 1, 1917, p. 51. 15c. 

Mining in the San Juan County, Colorado. 
L. H. Goodwin.— Engineering and Bfining 
Journal, New York, Vol. 108, Februarys, 
1917. pp. 209-lQ. 15c. 

Outfitting for a Proepeoting trip in 
Nicaragua. O. F. Bridger. — Engineering 
and Mining Journal, New York, Vol. 108, 
February 24, 1917, pp. 886-6. 15e. 

Pennsylvania Mine Fire, Butte, Montana. 

C. E. Nighman and R. 8. Foeter. — Boll. 
No. ISS, American Institute of Mining 
Engineers, New York, February, 1917, pp. 
177-93. II. 

Prevention of Misfires. E. F. Brooks.— 
Mining and Scientific Press, San Francisco, 
Vol. 114, Febmary 8, 1917, pp. 151-2. 15c. 

Recent developments of the Whiting hoist 
as applied to Deep Winding. B. Gray and 
J. Whitehouse. — Journal, South African 
Institution of Engineers, JohMmesbugt 
Vol. 15, February, 1917, pp. 1S8-89. 9f. 
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;ne ral) — eonHmud. 

nd its application to Mining. 
re the National A$Moeiation of 
en.) A. D. Brydon. — Iron 
>8 Review, London, Vol. 94, 
pp. 329-30. 6d. 



TALS. 

>pper: its properties and 
jral features. J. Scott.— 
, London, Vol. 10, March 23, 
id, 

isits of Qaecnsland. B. 
ensland Oovernntent Mining 
<ane, Vol. 18, January 15. 
M. 

anganese. M.L. Hartmann. 

Scientific Press, San Frati- 

January 20, 1917, pp. 91-2. 



he Sierra Nevada, Kern 
nia. 8. L. Gillan. — Mining 
Press, San Francisco, Vol. 
, 1917, p. 79. 15c. 

irrence of Manganese. J. J. 
ng and Scientific Presfl, San 
.114, January 27, 1917, pp. 



lam concentrates arc mar- 
nn Mining Journal. Toronto, 
ry 15, 1917, p. 76. 15c. 

Cadmium. O. C. Ralston. — 
ind Chemical Engineering, 
1. 16, February 1, 1917, pp. 



MINOR MET ALS-eontinued, 

Significance of Manganese in American 
Steel MeUllnrgy. F. H. WlUoox.— Bull. 
No. laa, American Institute of Mining 
Engineers, New York, February, 1917, 
pp. 199-207. $1. 

Tavoy Wolfram Industry.— Mining Journal, 
London, Vol. 116, March 24, 1917. pp. 
173-5. (jd. 

Wood Molybdenite Mine, near Quyon, 
Quebec. J. A. Dresser. — Bull. No. 59, 
Canadian Mining Institute, Montreal, 
March, 1917, pp. 206-8. 



NON-METALLIC MINERALS. 

Carbonization of Kelp for the recovery qf 
Potash. J. W. Turrentine.—Metallnrgisa! 
and Chemical Engineering, New York, 
Vol. 16, February 15, 1917, pp. 196-9. 25c. 

Chilean Nitrate Industry. A. W. Allen.— 

Engineering and Mining Journal, Now 

York, Vol.103, Februarys, 1917, pp. 230-3. 
16c. 

Clays and Clay Products of Canada. — Bull. 
No. 59, Canadian Mining Institute, Mon- 
treal, March, 1917, pp. 199-206. 

Concrete and Reinforced Concrete. H. M. 
Wilson. — Transactions, Society of Engi- 
neers, London, 1916, pp. 189-60. 

Ferro-Cerium and other Pyrophoric Alloys. 
— Engineering and Mining Journal, New 
York, Vol. 103, February 3, 1917. p. 212. 15e. 

Silica Bricks and new uses for them. W. 
Qray.— Metallurgical and Chemical Engi- 
neering, New York, Vol. 16, February 15, 
1917, pp. 209-16. 25c. 



rces of the British Empire : 
J. G. Cullis. — TranRactioDii, 
j^neers, London, 191G, pi>. 



itimony Ores in Canada, 
n. — Canadian Mining Jour- 
V^ol. 38, February 15, 1917, 



D-Chemistry of Magnesite. 
. — Mining and Scientific 
icisco, V^ol. 114, February 17, 
15c. 

>udbury Nickel Ores. C. F. 
and A. F. Rogers. — Engi- 
ining Journal, New York, 
iry 3, 1917, pp. 226 9. 15c. 

ties of Molybdenum.— Can- 
lournal, Toronto, Vol. 38, 
7, p. 71. 15c. 

ilifomia. E. F. Brooks.— 
mtiflc Press, San Francisco, 
ry 27, 1917, p. 116. 15c. 



PETROLEUM. 

Evidence of the Oklahoma Oil Fields on 
the Anticlinal Theory. D. Hager.— Bull. 
No. 122, American Institute of Mining 
Engineen;, New York, February, 1917, 
pp. 195-8. $1. 

Need and advantage of a National Bureau 
of Well-I^og Statistics. W. G. Matteson.— 
Bull. No. 122, American Institute of Mining 
Engineers, New York, February, 1917, 
pp. 287-90. $1. 

Spontaneous Ignition Temperatures of 
Liquid Fuels for Internal Combustion 
Engines. H. Moore.— Journal, Society of 
Chemical Industry, London, Vol. 36, 
February 15, 1917, pp. 109-12. It. 9d. 



PLANT ANDIPOWER. 

Boiler-house operation and maintenance 
with special reference to the Rand Power 
Companies Plant. Discunsion. — Journal, 
South African Institution of Engineers, 
Johannesburg, Vol. 15, February, 1917. 
pp. 141-2. 2». 
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IX OF RECENT PAPERS— cotitinwrd. 



/RR— continued, 

tiods at the United 
P. Richards.— Engi- 
•k, Vol. 77, February 



)al Boilers. — Engi- 
ournal, New York, 
917, pp. 341-4. 15€. 

a Air Lift. S. H. 
ering and Mining 
bl. 103, February 3, 



SILVER. 

Mining in the Potosi Bilver district, Bolivia. 
B. L. Miller and J. T. Singewald, Jnnr.— > 
Engineeringand Mining Journal, New York, 
Vol. 108, February 10, 1917, pp. 255-60. 
15c. 



Treatment of certain West Kootenay Silver 
Ores. F. A. Thompson. — Bull. No. 68, 
Canadian Mining Institute, Montreal, 
February, 1917, pp. 165-72. 



iandling Machinery, 
cture of Gas. J. E. 
Society of Engineers, 



f a dust-fired Boiler. 
Society of Chemical 
1. 86, February 15, 



pening shop. J. E. 
ring and Mining 
ol. lOe, February 10, 



•f the Whiting hoist 
nding. B. Gray and 
rnal, South African 
ers, Johannesburg, 
pp. 128-39. 2s. 

n Vacuum Filtration 
— Journal, Chamber 
ustralia, Kalgoorlie, 
0, 191G, pp. 291-6. 



Teraperatiirrs of 
ternal Combustion 
-Journal, Society of 
•ndon, Vol.36, Feb- 
2. It. dd. 

Heat from Coko 
Journal, Society of 
•ndon. Vol. 36, Feb- 
). U. 9<2. 

Products and Low- 
>eneration, J. B.C. 
ical and Chemical 
ic. Vol. 16, February 



TIN. 

Backet Dredging for Tin in the Federated 
Malay States. H. D. Griftiths.—The Mining 
Magazine, London, Vol. 16, Marob, 1917, 
pp. 137-44. U. 

Dolcoath's Profits and Royalties. — The 
Mining Magazine, London, Vol. 16, March, 
1917, pp. 127-8. U. 

Handy Method for Assaying Tin Oren. 
G. M. Henderson.— Engineering and Mining 
Journal, New Sfork, Vol. 103, February 10, 
1917, p. 267. 16c. 

Mineral Resources of the Brituth Empire: 
Tin. C. G. Cullis. — Transactions, Society 
of Engineers, London, 1916, pp. 240-50. 

New developments in the Porco Tin district, 
Bolivia. J. T. Singewald, Junr., and B. L. 
Miller. — Engineering and Mining Journal, 
New York, Vol. 108, February 24. 1917, 
rp. 329-33. 15c. 

Properties of Bronzes for mechanical 
puri'oses, H. S. Gulick. — Metal Industry, 
London, Vol. 10, March 16, 1917, pp. 
2r>7-9. id. 

Tin Assays.— The Mining Magazine, Lon- 
don, Vol. 16, March, 1917, pp. 181-2. It. 
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MILITARY SERVICE. 



SUPPLEMENTARY LIST. 



^oUoiaing have been notified since the issue of the last Bulletin, 
I5th, 1917: 

IVIEIVIBER8 SERVING WITH H.M. FORCES. 

7. (No particulars.) 

James G., King's African Rifles. 

;. C, London Begiment (Artists' Bifles). 

J. v., Royal Engineers, (2n(l Lieut). 

Royal Engineers, (Captain). 
AMES, Royal Engineers, (2nd Lieut.). 
I. C, Royal Garrison Artillery, (2nd Lieut.). 
H. Wakinoton, Royal Naval Volunteer Reserve, (Lieut.). 

J. H. G., Royal Engineers, (2nd Lieut.). 

PROMOTIONS OR OTHER CHANGES. 

, C. A., Royal Engineers, (Major). 

I. C, Duke of Cornwall's Light Infantry, (Captain). 

Dickson, E. J., Royal Engineers, (Captain). 

>N, R. C, Royal Engineers, (Captain). 

, W. A., Australian Imperial Forces, (2nd Lieut.). 



KILLED IN ACTION. 

Morris Brittain, Associate^ Orderly, Royal Army Medical Corps, (Died 
Cholera in Mesopotamia on July 2nd^ 1916*) 

, Gavey McKeowx, Student, Engine-room Artificer, Royal Navy. (-.Yo 
■tieulars.) 

Crowtheb & QooDMjix, Ltd., Printers, l'/4. Fenchurcb Street, London. E.G. 8. 



Subject to Hemsion,] 



THE INSTITUTION OF MINING AND METALLUKGY. 



TWENTY-SIXTH ANNUAL REPORT OF COUNCIL. 



Ix common with other organizations, the affairs of the Institution 
of Mining and Metallarg}' during the year ended December 81st, 
1916, were conducted under increasingly difficult conditions, but 
bhe Council have the satisfaction of stating that notwithstanding 
bhis fact, the interest of members have been conserved and much 
Bvork of National importance has been accomplished which they 
believe will have far-reaching effects upon the future of the mining 
mnd metallurgical industries of the Empire. The Institution and 
L is executive officers have also been able to render useful services 
L n connection with the War. 

The position of the domestic affairs of the Institution at the 
^nd of the year 1916 can only be considered as satisfactory having 
c-egard to the fact that so large a proportion of the members are on 
A^ctive Service with His Majesty's Forces or engaged in other Wai- 
services. 

This is not the time to do more than make a passing reference 
^o the large number of members who at the call of duty have 
(voluntarily relinquished their positions, in many cases at great 
material sacrifice, and have returned home from all parts of the 
^vorld to join the Imperial Forces or those of the Dominions ; but 
bhe Council cannot refrain from expressing their admiration of 
bhe splendid spirit shown by their fellow- members of the Institu- 
bion and their keen appreciation of the manner in which they have 
upheld the highest traditions of the Mining Profession as evidenced 
iDy their achievements and by the large number of distinctions that 
bave been won. 

Scientific and Industrial Beseabch. 

In their Report for 1915, the Council referred to the fact that 

tihe Institution had accepted an invitation to co-operate in tho 

"work of the Committee of the Privy Council for Scientific and 

Industrial Research. Messrs. Edgar Taylor, Edward Hooper, 

H. L. Sulman and F. W. Harbord have since been appointed as the 
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Official Representatives of the Institution on the Metalliferous 
Mining and Non-ferrous Metallurgical Committees constituted by 
the Research Advisory Council. 

On the invitation of a representative meeting held in Cornwall, 
under the auspices of the Royal Cornwall Polytechnic Society, the 
Council undertook, with the approval of the Committee of the Privy 
Council, to direct an investigation into the existing methods of extrac- 
tion and economic production of tin and tungsten, with special 
reference to Cornwall, with the object of ascertaining the percentage 
of actual recovery of metal contents, of co-ordinating and completing 
researches already begun and, if necessary, of instituting others 
on new lines and of suggesting impi'oved or new methods of 
treatment. The cost of the research will be defrayed by grants 
from the Privy Council Committee, supplemented by contributions 
from the Royal Cornwall Polytechnic Society, representing the 
county of Cornwall, and the Institution of Mining and Metallurgy. 

The research is being conducted by the Tin and Tungsten 
Research Direction Committee, which is constituted as follows : 

Sir Thomas K. Rose {Chairman). 

Mr. W. H. Trewartha- James {Hon. Director). 

Mr. H. K. Picard. 
Professor S. J. Truscott. 

*Mr. Henry Jenner {President of the Royal Cornwall 
Polytechnic Society), 

♦Mr. R. Arthur Thomas. 

♦Mr. Josiah Paull. 

♦Mr. William Thomas (of Tincroft). 

Mr. C. McDermid {Semtarif), 

A large amount of work has already been carried out and the 
Council confidently look for valuable results from the investigation. 
They desire to record their thanks to the Governing Body of the 
Imperial College of Science and Technolo^^y for granting facilities 
for much of the work to be conducted at the College and for bearing 
the cost of part of it. They also desire to record their thanks to 
the Professors in the various Departments of the College for their 
valuable co-operation. 



*Repritenting the Cuuntfj of ( ormrall. 
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Government Committees on Commercial and Industrial Policy. 



ir 



In response to an invitation from the Iron, Steel and Engineerin 
ndustries Committee, the Council expressed, in a written statement, 
leir views upon various questions relating to the mineral resources 
f the Empire and its dependence upon foreign countries for mineral 
r metal supplies previous to the War and the measures which 
[lould be adopted to ensure the development of British mineral 
3soarces in the interests of the Empire. The following repre- 
sntatives attended before the Committee to give evidence in 
mpliiication of the views of the Council in their corporate 
iipacity : Sir Thomas K. Rose, Messrs. Edward Hooper, J. H. 
ordner- James, H. K. Picard and C. McDermid (Secretari/), 

The President, Mr. Edgar Taylor, and the Secretary also attended 
efore the Committee on Commercial and Industrial Policy, with 
epresentatives of the Iron and Steel Institute, to give evidence on 
[le question of tbe organization of the mineral resource^ and 
cidustries of the Empire. 

Proposed Department of Minerals and Metals. 

The Council have for some time past given close attention to the 
[uestion of the establishment of a Department of Minerals and 
iletals in the Metropolis of the Empire, to collect and co-ordinate 
aformation relating to the mineral resources, to stimulate its 
lissemination and to advise upon measures for protecting and 
ixtending the mining and metal industries in the manner best 
lalculated to promote the National safety and welfare. 

The question was informally discussed in 1915, with the Execu- 
ive Officers of the Research Advisory Council, and subsequently 
nth the representatives of other Government Departments and the 
imperial Institute. 

These informal discussions were followed by a Conference of 
)fficial representatives of the Iron and Steel Institute, the Institute 
)f Metals, the Institution of Mining Engineers, and the Institution 
)f Mining and Metallurgy, held on the invitation of the Council of 
ihe Institution. As a result of this Conference, the proposal 
embodied in the following Memorandum was formally submitted to 
ihe Councils of the four Institutions, unanimously adopted by 
.hem, and transmitted to the Government : — 
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PROPOSED DEPARTMENT OF MINERALS AND METALS. 

London, 

September 22nd, 1916. 
To Sir William S. McCormick, 
Chainna7i, 

Advisory Couocil for Scientific 
and Industrial Research. 
Sib, 

On behalf and by authority of the Councils of the follonvini 
Institutions : 

The Iron am> Steel Institute 

(Incorporated by Royal Charter as repcvsenting the Iron an 
Steel Industries) ; 

The Institute of Metals 

(Incorporated as representing the users and manufacturers o 
non-ferrous metals and alloys) ; 

The Institution of Mining Engineers 

(Incorporated by Royal Charter as representing Coal and 
Iron Ore mining and allied industries) ; and 

The Institution of Mining and Metallurgy 

(Incorporated by Royal Charter as representing the mining 
of minerals other than Coal and Iron Ores and the 
production of metals other than Iron and Steel) ; 

We, the under^signed. have the honour to submit the following con- 
siderations and recommendations in the hope that through the interven- 
tion of the Committee of the Privy Council for Scientific and Industrial 
Research, measures may be taken to provide the necessary machinery 
for the protection and advancement of the economic welfare of the 
mineral and metal industries of the Empire. 

The absence of effective co-ordination of the organizations of these vital 
industries has been demonstrated and brought into prominence by the 
War, in many directions. The grave results to the National interests are 
generally admitted. 

There are highly organized Geological Surveys and Departments of 
Mines in nearly all foreign countries, and their influence in the develop- 
ment of mineral resources is a factor of the first importance. There are 
similar well-organized Departments in some of the British Dominions, 
but there is no connecting link or central * clearing-house * in the 
Metropolis of the Empire to co-ordinate information on its mineral 
resources, to stimulate their development and to safeguard Imperial 
interests. 

Various Dcpartnicnts of the Home Government, such as the Geological 
Surveys and Museum of Practical Geology, the Board of Trade, the 
Home Office, the Imperial Institute, and, since the outbreak of the 
present War, the Foreign Oflice, the Admiralty, the War Office, and the 
Ministry of jNIunitions, have all been concerned with the collection of 
information bearini( on the sources of supply of minerals and the pro- 
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<luction of metals. There does not appear, however, to have been any 
serious attempt to co-ordinate and render available even such information 
as has been collected by these Departments, and it is certain that there 
has been considerable overlapping and duplication of efifort with 
corresponding waste and confusion. 

It is, we submit, obvious that the overlapping and confusion will be 
seriously increased if the various Technical Committees appointed by the 
Advisory Council attempt to collect the information which is essential to 
enable the beneficent object of the Committee of the Privy Council to be 
attained, in its wider aspects, in regard to the mineral and metal 
industries. 

We respectfully urge this view upon the serious attention of the 
Advisory Council, as already there are evidences of increasing over- 
lapping and consequent waste of time and energy, which we believe it is 
one of the main purposes of the Committee of the Privy Council to 
eliminate as far as possible. 

In the opinion of the Institutions represented by us the organization 
of a central Department of Minerals and Metals is imperatively necessary 
LB the pubhc interest, and the work of organization, which will necessarily 
take much time to complete, should be commenced at the earliest 
possible moment. 

It cannot be doubted that if a properly organized and ei)iciently 
conducted Department of Minerals and Metals had been in existence, 
much valuable time, many lives and vast sums of money would have been 
saved io the Nation in the conduct of the present War, and much of the 
cost and inconvenience to British Industries depending largely for their 
raw^ materials on mineral products would have been saved, with cor- 
responding advantages to the prosecution of the War and to many 
Industries. 

A Department of Minerals and Metals should not only be in intimate 
relationship with the Geological Surveys and Mines Departments of the 
K>ominion8, but also with the organizations representing the difTereiit 
branches of the mining and metallurgical industries, whose co-operation 
Ln the work of the Department should form a vital part of its machinery. 

The Geological Surveys of Great Britain and Ireland and the Museum 
Df Practical Geology should also form an integral part of the Department. 

The functions of the Department should be active and constructive. 
AW overlapping by other Home Government departments, and also by 
^e Institutions representing the Industries, should be absolutely 
prevented. 

The duties of a Department of Minerals and Metals would include : 

1. Arrangements for expediting the completion of Mineral 
Surveys of the United Kingdom and of the Crown Colonies and 
other British Possessions. 

2. The systematic collection and co-ordination of infornmtion 
bearing on the occurrence, uses and economic value of minerals 
and their products; special attention being devoted to securing 
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industrial applications for newly -discovered minerals or metal- 
lurgical products and to finding mineral materials required 
for new metallurgical products or inventions. Some of this 
information should he promptly and widely disseminated in 
summarized form to those interested in the industries, through 
the medium of the existing publications of the Institutions 
di recti V concerned. 

ii. The investigation of all questions and problems relating 
to the utilization of the mineral or metallargical resources of the 
Empire. 

4. The co-ordination and dissemination of information on 
mining laws, development of mineral areas, output, processes of 
extraction, plant, capital employed, markets, etc., etc. 

5. A general review from time to time of the developed 
and undeveloped mineral resources and of the position of each 
mineral or metal to ensure that the mineral wealth of the 
Empire is being exploited with due regard to Imperial interests. 

6. Generally, to advise the Imperial Government on all 
questions bearing on the mining and metallurgical industries. 
To perform this function efficiently, it is essential that complete 
information should be available, and also that the industries^ 
concerned should be consulted through their respective organi- 
zations. 

We feel sure that the Advisory Council will fully appreciate the urgency 
p! the question and the necessity for prompt action, so that the process^ 
of co-ordination may be inaugurated at once. 

We are. Sir, 

Your obedient Servants, 

Wm. Bkardmore, 

President 

^ ^ T 1" The Iron and Steel Institute. 

G. C. Lloyd, 

Secretary 

Gkoroe Beilby, 

Presideiit 

G. Shaw Scott, 

Secretary 
W. Thorneycroft, 

Fresuhitt 

L. T. O'Shea, I The Institution of Mining 

Hon, Secretary [ Engineers. 

P. Strzelecki, j 

Secretary 

Edgar Taylor, \ 

President ! The Institution of Mining and 

C. McDermid, I Metallur«^^V. 

'' Secretary 



The Institute of Metals. 
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The proposal was referred by the Imperial Government to the 
Committee on Commercial and Industrial Policy for consideration 
and report, and the representatives of the Institutions concerned 
have elaborated the proposal in evidence before the Conmiittee, and 
by additional communications in writing. 

The proposal has also been considered by the Dominions Royal 
Commission and by the Governments of the Dominions, most of 
which have already formally expressed their cordial approval. The 
Council trust that a central organization will be established in the 
near future. 

Taxation of the Mining Industry. 

The Joint Committee appointed at a meeting of representatives 
of Mining Companies in August, 1916, of which an abridged 
report was issued with the September BulUtin, to act with the 
Council of the Institution in an endeavour to obtain an adjustment 
of the incidence of taxation on the Mining Industry, with immediate 
Teference to the Excess Profits Duty, has held numerous meetings 
and has had conferences with the Board of Inland Revenue and the 
Board of Referees (appointed under the Finance (No. 2) Act, 1915), 
with a view to facilitating procedure by their acceptance of certain 
^neral principles dealing with special risk, duration of life and 
amortization of capital. 

As a result the Board of Inland Revenue have intimated that 
they are prepared to accept the Committee's contention that mines 
are wasting assets, and that amortization of capital should be 
allowed. 

At the request of the Board of Inland Revenue, cases are in 
course of preparation by the Committee for two representative 
Appeals.* The amount of statistical information required by the 
Revenue Authorities to establish a claim for an increase of the 
statutory percentage of 6 % allowed by the Act, entails a 
large amount of investigation, but the Council have reason to hope 

* It may be of interest to members to know that decisions have already been 
^iven by the Board of Referees in independent applications for an increase in 
the statutory percentage (6 %) in the following cases : 
Gold-mining in Bhodesia — Increased to 22} %. 
Alluvial Tin-mining in the Malay States — Increased to 13 % for 

companies. 
Alluvial Tin-mining in Nigeria — Increased to 13 % for companies. 
Chrome-mining in India — Increased to 22 J %. 
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that succeeding cases will be facilitated when the Appeals now in 
course of preparation have been decided. 

The Joint Committee in charge of the matter is constituted as 
follows : 

Mr. John H. Cordner- James {Chairman) , Lord Harris, Sir 
Lionel PhUlips, Bart., Sir Alfred Mond, Bart., P.C, M.P., 
Sir Trevredyn R. Wynne, Messrs. F. W. Baker, Edmund 
Davis, F. A. Govett, F. H. Hamilton, Edward Hooper, 
E. W. Janson, Edgar Taylor, Henry C. Taylor, Leslie 
Urquhart, Stephen Vivian, and Oliver Wethered. 

Boll of the Institution. 

During the year 72 members were admitted into the Institution 
(including two Hon. Members), and there were 48 transfers to 
Associateship or Membership, as compared with 72 and 46 
respectively in the previous year. The total membership at Decem- 
ber 81st, 1916, was 2409, as compared with 2441 at December 
dlst, 1915 — ^a decrease of 82. 

Nine Members, thirteen Associates and ten Students were removed 
from the roll in consequence of the non-payment of arrears of their 
subscriptions ; the resignations of thirteen Members, six Associates 
and three Students were received and accepted ; and seven Students 
were removed through failure to obtain transfer to Associateship 
within the period required by the By-Laws. 

The Council record with a deep sense of loss to the Profession the 
fact that during 1916 twenty-five Members were reported as having 
lost their lives in the War ; and they also record with regret the 
decease of two Honorary Members, seven Members, seven Associates 
and two Students. Their names are as follows : 

Killed in Action. 

Associates : — Major J. N. F. Armstrong, 2nd Lieut. Humphry 
L. Braithwaite, Lieut. Frederick Crathorne, 2nd Lieut. 
W. J. N. Dunnachie, Lieut. W. Macleish Durant, 2nd Lieut. 
Ernest E. Glorney, 2nd Lieut. A. Downing Johnson, Captain 
Patrick A. Murray, 2nd Lieut. A. Limnell Robinson, Lieut. 
George Simpson, Junr., 2nd Lieut. James C. Simpson, 
Major D. M. Tomlinson, 2nd Lieut. Raymond B. Williams, 
M.C., 2nd. Lieut. George de Wolf. 
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Students : — 2nd Lieat. Donald F. Beckhuson, 2nd Lieut. John 
Ivor Grey, Lieut. Laurence C. Hatch, 2nd Lieut. J. McMaster 
Hutchison, Lieut. Amyas MacGregor, M.C., Sergeant James 
McNeill, Junr., 2nd Lieut. Evelyn S. Marshall, 2nd Lieut. 
Mansfeldt C. N. Mills, 2nd Lieut. John Philpot, Captain 
Philip S. Picot, 2nd Lieut. George J. Roberts. 

Death from other Causes. 

Jdon, Members : — Professor John Wesley Judd, C.B., LL.D., 
P.R.S., and Joseph Henry Collins, Past- President. 

JSdembers : — Percy E. Ogle Carr, George Deer, Arthur Gifford, 
G. Hamilton Lloyd, Bedford McNeill {Past- President), D. D. 
Bosewame, Richard Stanton. 

Associates : — William J. Burley, Owen Jones, Albert C. Perveil, 
Wilfred H. Rigg, Joseph D. Small, C. Harold Turrell, 
J. Wilson Williams. 

Students : — Guy 0. Canning, William H. Marston. 

3^he following is a list of the Hon. Members, Members, Associates 
^ Students admitted into the Institution during the year : 

Hon. Members : — Surgeon -General Sir Alfred Eeogh, Professor 
'^ry Louis Le Chatelier. 

Members : — Thomas Andrews, William B. Ballantine, William 
C. Blackett, Alfred L. Blomfield, Arthur H. M. Brown, 
J. Coggin Brown, James Caldwell, Charles V. Corless, 
Angus W. Davis, John W. Fetherstonhaugh, Alejandro 
L6pez, G. Auguste Michel, Walter E. Segsworth, M. Thomas 
Taylor, William Walker, James G. West, Leslie B. 
Williams. 

Associates : — William Body, Angus L. Butler, Arthur Davies, 
Cyril N. Davies, Victor T. Edquist, Carl Fox, Arthur C. 
Gaved, Frank Hetherington, Tom C. L. Howard, Georgo 
Howatson, William R. Jones, Matthew L. Lowden, Thomas 
F. Maddiok, T. H. Carter Mitchell, Charles A. Mitke, 
Algernon H. Moreing, Bertram Morton, Cyril B. North, 
Walter Perring, Brindley T. Phillips, William W^ Raymond, 
Allan D. Robinson, Charles W. Roe, William J. Russell, 
Herbert J. Sparks, Sidney H. Steels, Thomas J. Taplin, Junr., 
John B. W. 0. Williams- Jerrard. 



StiulnUt :^ John M. AduiuKon. Victor J. Akylui', Albert K. 

^_ Andrews, Jobi\ B. Bebiano, Fom&ncio A. C. Cc-nilo! t 

Ak noiiKiltiK, Ptifcy Bonds, Charlee B. Cbaffey, Zm-Caimi 

^B Chen. Philip C. Collins, Gimrgc W. Cradduck' Cliarki A. K 

^^t Oavt'y, Kalph Johu Harrison, George Bydney ihrn-v 

^^H RiipiTt C. C. Irving, Bernard C. Job, Edward L. Jnfaueuii: 

^H RegioaJd O. Podger, Harold W. Poulter. Alan R. ToKtll, 

^H Kdwaid J. Quayle-Dickgou. Herbert J. Robertson, Wllliii;..! 

^^H Rogora, Bertram Siddoiis, t^lins Wercbowaky, Eniot ^^ 

^H Woodfield. 

I 



B following have been transferred : 

To Mtinbeniki/i : — Charles A. Banks, David H. Bnnni'rmw. 
W. R. Colendge Beadon. WiUiara Birch Blytb. Gilnioiirf 
Brown, Gordon S. Duncan, G. titepbcn Evans, Janice Hoi«-'i 
1 H. Ivey, William Kitto, Robert Lee, Harold A. Uw, 
Frederick J. Tonks, Edward H. Watsou. 



To AiuoeiateiH,ip :— Hirzel A. Adams, Milton A. Allen, Williw" 
T. Anderson, Walter Beringer, Arthur P. Catberall, .lobn *■ 
Child.ReubenH. Conran, Horace G. Elston, Herbert Ej^e"- 
Oswald Femie, Arthur H. P. FitzPatrick, Colin P. FiocU«- 
Arthur E. Flynn, Richard V. Garland, Donald OA^- 
Archibald G. Glenister, Madan M. Goswami, llsrt'l^ 
Greatwood, Norman R, Harper, G. Hildick- Smith, Will'*"' 
J. Howes, John S. Hutt, F. R. Lanfear Miller, Rol«rl ^■ 
Morgan, Herbert L. Morton, RuperL F, Scrivener, WiUi**^ 
T. Smith, George E. Stott. Stanley Tucker, Basil **' 
Venables, Tbonias R. Weir, Gordon Wella, Benjamin ** 
Wood, Montcfiore P. Woolf. 



Tbo lollouin;,' ui-e the liesoluiionii recording the election to E^^ 
Membership of Sir Alfi-ed Keogh and M.Henry Louis Le Chateli^^' 



(I) That Surgeon-General Sir Alfred Keogh, K.C.B., Rector 
the Imperial College of Science and Technology, Acti*^,*l 
Director General of the Army Medical Service, bo and , 
hiiixiby elected an Honorary Member of the Institution 
Mininj.' and Metallurgy in recognition of his emine^^. 
Horvicf'SJ to the Cause of Scientific and Technologic-^^ 
Education, and of bis devotion to public duty as Actin^*^ 
Dirnr.tor of the Medical Department of His Majesty's Arm.^.^ 
duriii-- the present War, 
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(2) That M. Henry Louis Le Chatelier, Chevalier of the 
Legion of Honour, Member of the Institute of France, etc., 
etc., be and is hereby elected an Honorary Member of the 
Institution of Mining and Metallurgy in recognition of his 
great services to Science and to the Metallurgical Industries. 

Awards. 

^s in 1915, in consequence of the War, the award of Medals, 
smiums. Post- Graduate Scholarships, and Prizes, remained in 
^yance. 

Election of President, Treasurer, Yige-Presidents and 

Members of Council. 

As previously announced. Sir Richard Bedmayne felt it difficult, 
a Government servant, to retain the Presidency, in view of the 
it that the Institution was dealing with questions affecting 
Uktion, the formation of a Department of Minerals and Metals, 
:. Sir Richard's resignation was accepted by the Council with 
2at regret in August, and Mr. Edgar Taylor, Past-President and 
easurer, at the request of his colleagues, consented to re-election 
President for the unexpired period of Sir Richard Redmayne*s 
131 of office, and he has been elected for a further term ending in 
krch, 1918. Mr. Edgar Taylor has been reelected as Treasurer 
' the period ending in March, 1918, and Messrs. J. H. Gordner- 
cnes, F. W. Harbord, G. T. HoUoway, E. T. McCarthy, Frank 
^Tricks and H. M. Morgans have been re-elected as Vice-Presidents 
' the same period. 

Mr. W. A. Carlyle resigned his seat on the Council, owing to 
^nce from England for an extended period. Sir Robert A. 
k-dfield, Mr. J. C. Moulden, Mr. Leslie Urquhart, and Mr. R. 
thur Thomas were elected Members of Council for the period 
3ing in March, 1917, and they have been nominated for re- 
ction at the Annual General Meeting. 

Library. 

The Council desire to record their thanks to those who have 
^sented books or other works to the Library. They also record 
eir thanks to Mr. George T. HoUoway for his valuable gift to the 
Btitution of the original drawing of the late Dr. John Percy, F.R.S., 
J. Gilbert (1869) ; and to Mrs. Peter Watson and Mr. William 
iisholm for a box of mineral specimens, collected in the British 
'les by the late Peter Watson. 



SlKcn»c8 txa VvmjCAnttviL 

Ouring the year six G«<n«ral MectiuKX vi^n- hrM U tbe Booun 
i>[ the (ieological Society in BurliDgtoa Uouw, xnA the Cunvil 
record their mase of indobutliMMn to the Council ot the Socki; 
lor thair coatinued bospitalitj for tti« GetKnil MeMiDgs of tb 
lastitution. 

Bixly Council nnd Conitnitlee Meeting wrrr b«M <lohiig ll» 
year, iu addition to a lar^ anmher of Conferences, whidi wen 
Attcndod lijf Committees and the Ewciilivr Officrr?. 

The IliiUelin and Traniattiant wcrp ipsu^l a^ asual. bnl ttn 
CouDcil felt il nect'^sarv, both od National aod timmcift) grouD^a, 
to curtail the number of papers iBsned durini; ibe St-ssional jw 
ended September 30th, IflI6, Volntne XSV of ih« TraiuadioB. 
vhich 19 now in the pr«s3, conlaining alioiit JOO pRges a^ a^nal 
fiSS pages in the previous volume. 

Th.-' A)irLii(il Diijii.T.if :hr In-.;;- ;■ i,r. ^^,l-■Ii..• '■• lil in ron^.^qiii-tiw 
of the War ; but members dined together, informally, on ThursdsJ. 
February '24th, 1916, under the Chairmanship of the Presideo*. 
Sir Thomas Kirke RoBe. 



Accounts, 

The Statements of Accounts, submitted herewith, show the oi-<3 
nary receipts for the year ended December 31 st, 1916, t^ have be-^ 
J686f. ISj. M. as compared with 4906^ 2(. lOJ. in 1916, a decre^ 
of 2691. 9s. 7'/. The ordinary expenditure amounted to ASSii. 8j. L^ 
ftM compared with 466«. 0«. 1(W. in 1915, a decrease of S33f. 12i. ^ 
Those tij^ures must be regarded a? satisfactory. 

r.nOAR TAVLOR, /V«W^«* 
C. M.DERMID, Secn-tary. 
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CONTRIBUTED REMARKS 

ON 

'Hydraulic Tin Mining in Swaziland.' 

By J. Jebvis Gabrard, Member. 

It. E. T, McCarthy: Mr. Garrard's paper is undoubtedly 
.nusual interest, and must appeal to all of us who are in- 
3ted in alluvial works, whether in tin or gold, 
be conservation of the somewhat restricted supply of water, 

the methods by which it has so skilfully been utilized, to 
in the utmost limits of its usefulness, both for washing and 
er purposes, are features that stand out pre-eminently in the 
tical working of these tin deposits. 

i 1899 I spent about four hours on the property when returning 
1 Bremersdorp, the then capital of Swaziland. At that time 
e workings were locally known as the * Bryan Tin Workings.' 
and Mr. Bryan, with some 40-50 Kaffirs, engaged in uncover- 
and sluicing down the detritus in the upper part of one of the 
ks, where he had exposed a face of decomposed granite which 
all the appearance of a stock-werke, or of small tin-carrying 
8 running throughout it. 

iy attention at the time was more particularly directed to the 
overy of the tin itself and the results obtained in the sluice 
^ ; it being then, so far as I knew, the first discovery of tin 
iouth Africa, which probably led to the subsequent discoveries 
«in in the Transvaal itself and in Cape Colony. 

can confirm the author's statement that their method of work- 
^as crude, for they had already badly blocked up the lower end 
their workings with tailings, and there was much handling and 
landling of them in consequence. 

t was my intention to have returned later, but the Boer War 
ke oat almost immediately afterwards. 

*^rom hasty inspection I was satisfied there was tin probably in 
ing quantities, as even with their rough and ready methods they 
Q more than making ends meet. 

remember being struck with the amount of monazite sands 
dd at the head of the sluice boxes, and as a matter of interest I 
lid like to ask the author if these sands are still found in appre- 
)le, or even commercial quantities. 

[r. Bryan was, I believe, the discoverer and pioneer of these tin 
osits, and for several years worked the concession on a very 
ited scale, and under great disadvantages. Subsequently I lost 
kt of what was being done, until I read in the papers long after- 
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wards that Mr. Dooglas Osborne was being sent out to report on 
the coQcession with a view to improving on its methods of wa^hiirg 
down the aUurial. 

No better selection, in my opinioD. could have been made, u 
he was an engineer whose manj years' experience, in the Malaj 
States, of alluvial workings under almost every conceivable con- 
dition, whether by ground sluicing, faydraulicking, hydraulic 
elevating, gravel pumping, or dredging, were exceptionally unique. , 

I note that a great advance has been made from that period byl | 
process of development until today it has attained, perhaps, its I 
highest limits under Mr. Garrard's able direction. 

It has been a great eurpriee to me to hear of the way in irbicli 
all the available streams have been collected and utilized to exfnci 
the greatest service out of tbem. From my cursory visit I caiu* to 
the conclusion, at the time, that want of water would prevent tbc 
possibility of developing the concession into anything like a targ« 
undertaking. Again I would remark that the way in which sliD^S 
insuperable difficulties in this direction have been mastered do^ 
Mr. Garrard the greatest credit. 

I should like, therefore, to add ray quota of praise of the ve^« 
valonble paper, not only for the practical details given in it, 1) "■ 
also for the excellent perspective in which it has been drawn i^ ~ 
dealing as it does bo concisely with each subject under its o^ 
special heading. 

Also I would point out that the Institution is under a g^^^ 
obligation to the Board of the ' Swazie Tin Limited ' Co. f * 
having allowed such minute detalh of construction and costs to ' 
published, thereby initiating a policy which, if adopted by ott' 
companies, would be of great advantage t^ engineers engaged ' 
similar mining and metallurgical work. At present, unfortunate'.^ 
experience which would be of inestimable value is locked up by tb' 
generality of Boards of Companies through a narrow -sigh ted aJ^ 
microscopic view of things. For example, a record of the failure? 
and successes experienced by the Rio Tinto Co., had it beeo 
given to the mining profession, would have been an immense 
contribution to the advancement of both mining and metallurgical 
science. 

Mr. Humphrey M. Morgans: Mr. Garrard's paper is ol 
excellent quality. It is most refreshing and stimulating to came 
across othcials who keep such close and detailed records of work dom 
as is shown to be the case in this paper. A perusal of the pape 
inspires confidence in the accuracy of the work, which will be mos 
useful in our I'ransactionx for reference. 
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le thanks of all are doe to the author, and also to the Company 

are so liberal-minded as to consent to the publication of the 

ila.' 

le paper deEcribei; a remarkable development of up-to-date 

lods in a very out-of-the-way situation. The total capital 

ty involved must be considerable. It is not clear, £ think. 




her in the figures of cost is included amortizement of capital. 
a the tabulation, Appendix B, it appears that the cost of 
wals and replacements is not included. 

le water ejector is used for raising both a mixture of water and 
el, and water alone. The efficiency is very low— under 20 % 
e paper shows — but this result does nob cou^mi^ ^iba u^^as«>\n&. 
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because it is inost simple and cbe*p to operate and usee pomr 
tvhich would otherwise be wasted. 

Tliu (Iniwiog accompaoyiiig these rem&rks shows a simple ejects' 
that cau be made up of onlinary pipes for use in draimng sballo* 
pits or trcDches by the aid of steam. 

Another use (or a water ejector which may be mentioned ie at 
tlie buttuni of a sinking pit. The pump is placed aboTc the sh&ll 
bottom out of the way of fl^-ing stones caused by firing shots, and 
draws itd supply from a slung tank. The tank is replenished bv 
Hii ejector placed near the shaft bottom. Power for the eJMloi 
is obbuncd by a connection with the pump rising m&in, ibroogfa 
which a portion of the water paesed by the pump is taken te the 
ejector, of coarse under pressure, and there drawB in the wstet 
made in the bottom, and both power water and pit bottom vil«c ' 
are delivered to the slung tank. 

The advantage of this arrangement is, thai even when tliB 
suction pipe of the ejector gets on air tbe apparatus continues t^ 
work. 

A succeseful centrifugal gravel pump seems to have been fono^' 
Details of this pump, which the author does not give, would ^^ 
of great interest to all engineers having to deal with mixtures " 
water and gravel, 

Aluminium wire is used for the overhead bare electrical tra^' 
mission system, and it is most interesting to learn that tbe lir'. 
worked out cheaper in aluminium than they would have done V 
copper. This is not by any means always the case, and copper* 
much easier to deal with in the matters of jointing, sweating, att^^ 

There are some dimensions on the drawing of the monitor -^^ 
Fig. (i, and a scale is shown for all the drawings. It woul'^ 
however, bo verj- useful if the views of the hydraulic elevator aC*^ 
water elevator were dimensioned. 
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Subject to revision,] [A Paper to be discussed at a Meeting of th^ 

Institution of Mining and Metallurgy y to he 
held at the Rooms of the Geological Society, 
Burlington House, Piccadilly, W,, on 
Thursday, ApHl 19th, 1917, at 5.30 
o*clock p.m.'] 

Stope Measurement at Messina. 

By William Whyte, Associate. 

Certain of the stopes at the Messina Copper Mine in the Northern 
Transvaal presented great difficulties when attempts were made to 
snrvey them in detail by ordinary methods, and, in order to obtain 
reliable records, a special procedure had to be devised. 

The ore bodies in these stopes are irregular, almost vertical shoots 
of large cross-section. In some of the stopes a horizontal slice 
about 7 ft. or 8 ft. high is removed and the cavity filled currently 
with waste rock, while in the remainder a shrinkage method is used. 
In both cases the problem is similar. 

Prior to stoping, winzes are sunk through the ore to act as 
air- ways, and waste-passes, and, as the ore is stoped, double- 
compartment passes of timber cribbing are carried through the 
filling as nearly vertical as possible — one compartment being used 
as an ore pass, and the other as a manway. 

A space of about 18 in. is usually left above the filling, through 
which it is possible to crawl and reach the back. 

The ore is generally too soft to stand without temporary timber 
supports, and these are very numerous in heavy ground. 

The first slice (*sill*) of any stope is horizontal but the back 
often becomes inclined as stoping proceeds, and may vary consider- 
^ly in elevation. 

It was considered that only methods which gave accurate 
horizontal cross-sections (* contours ') of the shoots at regular 
intervals would be satisfactory. 

Meth »ds involving the use of a theodolite were discarded for the 
following reasons : (a) frequency of insufficient height to work the 
instrument with the ease and rapidity necessary for economic stope 
measurement, {b) trouble due to interference by timbers, (c) diffi-;^ 
culties incidental to connecting stope surveys with development 
surveys through long, narrow passes, and, (d) necessity of using as 
assistants, Kaffirs who could not be trusted to work reliably at more 
iihaDi say, 20 ft. from the observer. In the method finally decided 




npon, the hanging compass and clinometer are used for 
neoQSsarj' traverses, and the potar protractor (or details. 
The general procedure is aa follows : 



FiRLD Work. 



Copper naila with numbered tickets are driven into the timbers ^ 
the bottom of the manways of the cribbed paaaea, generally at * 
corner. The naila are connected to the survey of the level at»;_" 
their elevations determined. In the atope, any convenient pass ^ 
taken aa a starting-point for the eurvey. A copper nail (numhereC^^ 
is driven into the timbers in the same relative position aa the na.'^ 
below, and the diatanee between the nails measured. The passes ca — - 
usually he treated aa truly vertical without material error, but, ^^ 
neceseary, any deflection is easily determined by the use ol a plumb^^ 
line or clinometer for inclination, and the compass for direction. 

From this upper nail, stout twine, 100 ft. or more in length, i * 
ranged round the atope, as a closed traverse, or to the reference naC 
in the nest convenient pass. Support.^ for the string are provide^' 
by meana of ordinary najls di-iven into the timbers, wedges driven* 
into cracka in the rock, or long pegs driven into the day'a drill- J 
holes. 

SiipiK.rts arc- coiisiiUTi.-d ' Hiiitlons,' iind Hit: lini^s aro detlwlfd aS=- 
much as necessary to give the most effective positions. BetweenH 
stations the lines are drawn taut, aod care is taken that they fouK 
nothing. The stations may be as cloae together as necessary, but^ 
should not be more than 26 ft. or 80 ft. apart, in order (a) to avoid i 
excessive aag, and (b) to keep the effect of any error made in reading, 
whether due to carelesaness or local attraction, at aminimnm. 

The compass is hung on the line at a convenient point, with the 
whole-circle zero ('North ') forward in the direction of the traverse. 
The north-aeeking end of the needle is read aa a continuous hearing 
to a ^°, when all ateel, such as hammers, drilla, shovels, picks, etc., 
has been removed to fully 20 ft. from the instrument. Steel- 
buckled belts are avoided, but it is found that the naib in mine 
boots cause no apparent deflection if the feet are kept vertically below 
the compass, or in line with the needle. 

After removing the compass, the clinometer is hung at each end of 
the line in turn, about IH in. from the supports, and both readinga of 
inclination noted. There is a difference between the readings due to 
sag, varying with the tension of the string and the distance between 
stations. 

Local cross-sections of the slope are then taken by means of the 
polar protractor. This instrument, though simple, ia little used 
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by mine suryeyors, and the modified form adopted warrants 
description : 

A circular piece of 16 S.W.O. sheet brass, 8 in. diam., is marked 
on one side at every 5® from 0® to 860° in cyclic order. The first 
and fourth quadrants have the central portions removed, and from 
180° to the centre a slit is cut which is just equal in width to the 
diam. of the string used (See Fig. 1). 

The protractor is placed in position by passing the slit over the 
string, when it will hang in a vertical plane which is at right angles 
to the vertical plane of the traverse line, and the zero of the pro- 
tractor will be vertically over the string at ifcs centre. Any tendency 
of the protractor to slide along steep lines is easily counteracted by 
the compass clips. 

The cross-sections are taken at every significant change in the 
shape of the stope. The protractor is hung on the line so that the 
graduations faxie the observer, who looks in the direction of the traverse. 
The ring of a linen tape is fastened by a spring hook to the end of a 
light extensible rod, and by means of the rod an assistant holds it, 
in turn, on the salient points in the cross-section desired. The tape 
is drawn taut and held in front of the protractor, just touching the 
string. The observer then reads the inclination and length of the 
ofiisett, keeping the tape in the correct plane by noting that it is 
parallel to the protractor. The offsetts are limited in length on 
accoimt of (a) sag, (6) difficulty of adhering to cross-section plane, 
and (c) magnification of errors due to reading incorrect inclinations ; 
and they should not ordinarily exceed 12 ft. 

The distances of the cross-sections along the traverse line are noted, 
and for this purpose it is convenient to lay previously a special draft 
tape along the line, with its end fastened to the point of 
commencement. 

The field-notes of a typical survey are appended. They need no 
explanation, with the exception of the cross-section notes. In these 
the encircled figure at the commencement of each line is the distance 
along the traverse line at which the particular section was taken ; 
the figure before each bar is the inclination of the offsett, while the 
figure following the bar is the length of the offsett ; thus : 120/5^ 
means that, at an inclination of 120° on the polar protractor, the 
offisett is 5^ ft. 

Office Work. 

In the office the inclined traverse lines are reduced to their 
horizontal and vertical components by the slide rule, using the mean 
vertical angle. The horizontal distances are determined to } ft., 
and the vertical to 0*1 ft. 
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Working from the predetermined elevation of the starting-point, 
18 elevation of each station is calculated, and if the survey has 
)en closed on the origin or tied to other known points, one check 
1 the accuracy of the work is obtained. (Note Point D in Field- 
otes.) 

The results of the three calculations (Horizontal and Vertical 
omponents and Elevations) are entered in specially reserved 
^lumns in the field book. The work is completed graphically and 

other calculations are made. 

The graphic records are drawn to a scale of 1 : 250 on sheets 

1 good quality blue tracing paper, cut to foolscap size, and filed 
I ordinary end-opening folders, each folder being reserved for one 
tope. Co-ordinate lines are drawn on the sheets, and care is 
kken that they occupy the same relative position on each sheet in 
ay one folder. They will then register when bound and allow 
>inparison of adjacent contours. 

The known reference points are plotted or traced on one of the 
leets (to be known as the ' Key Plan ') and from these the 
Averse is plotted by protractor with the compass bearings cor- 
"Oted to true meridian ; if the work has been properly done there 
i^caid be no material difference in the closures. 

TThe development of the traverse is plotted in elevation near the 
p of the same sheet, using the calculated elevations and hori- 
^utai lengths, and working from a datum. Lines are drawn in 
^loured inks (alternately red and yellow) parallel to the datum 
=^e, 5 ft. apart to scale, and numbered according to the elevations 
^^Y represent. 

The distances at which the polar protractor was placed are scaled 
ong the elevation of the traverse lines, and through these points 
fe^ort vertical lines are drawn. Short lines are also drawn at right 
^gles to the traverse lines, through the projected positions of the 
^ints on the plan. These operations give lines which are the 
^ces of the planes on which cross- sections were taken. 

In the elevation, the cross-sectional planes are rabatted on to the 
^«uies of the traverse lines, and the cross- sections are plotted in 
^xrect relative position. This is done by means of a paper pro- 
^ctor, marked similarly to the polar protractor, with a IJ in. 
Ixiare cut out of the centre. (Fig. 1.) 

As an example : — In the plan of the traverse (Fig. 2), let 0-/3 
^ipendicular to H-J represent the plan of the cross-section plane 
^ 12 ft. along the line H-J, and in the elevations let the vertical 
Uie a-P represent the elevation of the same plane. Let the plane 
^-j3 be revolved (rabatted) in a cyclic direction through 90^ about its 
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intersectioD, o, with the vertical plane through H-J, as an axis, 
when it will be coincident with the plane H-J, and, in elevatioD, 
with the plane of the paper. If the outline of the cross-section is 
now plotted it appears as shown around a-fi in elevation, where 
the intersection of H-J and a-/? represents the centre of the polar 
protractor and a->/? the 0-180 axis. 

The protractor is centred on the intersections of the vertical 
traces of the cross- sections with the elevation of the traverse lines, 
and the cross-section outlines directly plotted with a scale. 

This completes the key plan on which the date of survey and 
names of party are noted. 

Contours are plotted on individual sheets, and are taken at the 
5 ft. intervals marked on the elevation of the traverse. The sheet 
of the contour to be plotted is fitted over the key plan with the aid 
of the co-ordinate lines, and the data on the lower sheet are read 
through the transparent paper. 

Note : As the super-imposition of the contour sheet, Pig. 8, over 
the key plan, Fig. 2, would present considerable difficulty in the 
reproduction of Mr. Whyte's drawings, it has been thought desirable 
to indicate the effect of such super-imposition by showing the 
contour on the key plan, and vice versa, in dotted lines. 

The distance from the vertical axis to the outline of any cross- 
section is measured with a pair of dividers along the line repre- 
senting the elevation of the contour, and transferred to the line 
representing the trace of the cross-sectional plane on the plan. 

This fixes one point on the contour, and the other points cut 
at that elevation are obtained by a repetition of the process. A free 
line drawn through the points represents the contour. 

If the polar protractor has been used in the manner prescribed, 
it is known that measurements taken to the left of the vertical 
axes of the cross-sections must be plotted on the left-hand side 
of the traverse lines looking in the direction of the traverse and 
vice versa. 

Difficulty is at first sometimes experienced in finding the correct 
lines to use and care is necessary, but remarkable dexterity is soon 
attained. 

The completed sheets are filed in the covers in order, with the 
highest contour on top. 

Accuracy and Limitations. 

The only method, so far as the author is aware, comparable in 
accuracy with the one described, is that in which radial sights are 
token, by means of a theodolite at a co-ordinated point, to salient 
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points around the open excavation, after which the calculated 
positions of the points are plotted and contours drawn by interpo- 
lation, but, as already explained, this method is not practicable in 
the filled stopes for which the polar protractor method was par- 
ticularly devised. 

In open stopes of considerable height and width, where com- 
paratively long sights are possible, and where the whole working 
may be commanded from one or two settings of the instrument, the 
theodolite method is preferred, as the polar protractor and compass 
used as described are not economical in time. Between the two 
extremes are a variety of stopes where the method adopted is a 
matter of individual judgment, but it is noteworthy that wherever 
possible the compass-protractor method is used, and that the two 
methods are found to be interchangeable without difficulty. 

Semi-permanent fixtures of iron, such as pipes and rails, inter- 
fere with the free use of the hanging compass, and where such are 
common in the stopes they render the method inapplicable. 

An attempt is made to read the magnetic bearing of the traverse 

lines to }°, but as the reading has frequently to be made by the 

bisection of the movement of. a swinging needle, it is probable that 

errors of i° occur. On account of the short average length, and 

Comparatively large number of traverse lines, and the short total 

length, the final error introduced by these differences is not great. 

In plan the traverses frequently close with no apparent error, and 

almost invariably within a foot to scale. In elevation the calculated 

closure is generally within 0*2 ft., and with special care it is not 

^fficult to obtain an exact check. 

Errors may occur when offsetting with the aid of the polar- 
protractor on account of (a) departure of the 0-180° axis from the 
"V-ertical, (b) departure of the protractor from a plane perpendicular 
t^o the vertical plane of the traverse line, (c) increase in the sag of 
^he string due to the weight of the protractor, (rf) sag in the offset t 
't^ape. (a) and (6) are due to faulty construction, but a few experi- 
Xnental plottings will show that they have no serious effect up to a 
Reflection of, say, 6°. 

Small errors due to (c) are negligible, but when the total sag is 

^qual to or more than 6 in., it is measured by noting the difference 

V)etween the height of the string at the offsett point before andj 

after the protractor is placed in position, and during plotting the 

centre of the protractor is displaced an equivalent amount. 'J' his 

error is only important on unusually long or slack lines, and could 

be reduced by using a protractor of lighter metal. 

Bag in the offsett tape {d) causes the inclination shown by the 



end of the tape at the protractor to differ from that of the straight 
line joining the end points. It is miniuiized by the use o( a ligbt 
tape with high tension, but is never entirely eliminated and muet 
be kept small by a limit on the length of the offaotts. As previouBlj 
stated, the offsetts do not ordinarily exceed 12 ft. which, even with 
an error of inclination as groat as 6^, gives a displacement of onlf J 
I ft. I 

AfPU CATION. 

The results of the survey are used for sevei'al purpoaes, amee^ 
which are the following : 

Vi'ttical Projectioni. — Section lines are drawn at right angles tc^ 
each other on the general plan of the mine, through the centre c»»- 
thf main shaft, to represent the planes of the vertical projeciion3 " 
one of the lines being parallel to the average strike. 

Every key-plan and contour shoot has lines drawn pai'ollel t^^ 
these, with their distances from the original section lines noted. 

The positions of the limits of the ore-shoot on the contonr sheet' — ' 
are readily transferred to the vertical projection, with the aid of the*^^ 
lines and a pair of dividers. 

A mrnlificatiou of this method is used in practice for the con -^ 
struction of the longitudinal projection. On a sheet of pape:^^ 
similar to the key-plan, corresponding cross-section and elevatioc::^ 
lines are drawn. The section line of this sheet is fitted over that^* 
of the key-plan, and, by sliding the sheet to and fro, the elevatioi^c^ 
of the highest point of each of the local cross- sections is brought, 
in turn, over its position on the plan, and marked. The junction 
of the points thus obtained gives the projection. This method is 
more accurate than the one first described, as it takes account of 
woik done above the elevation of the highest contour. 

For the cross-section the contour sheets are used. In order to 
obtain this section relatively correct, a continuous line as irregular 
as necessary is drawn on the longitudinal projection to represent a 
plane, at right angles to that of the projection, along the centre of 
the oie-shoot. The intersections of this and the elevation lines are 
projected on the contour sheets and give lines along which the 
measurements are taken. 

Estimation of Tonnage liroken. — The calculation of the volume 
excavated is made by using the ordinary prismoidal formula 

f - i {" + ' + j») ' 
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alternate contours being used to give the end areas of a series oi 
prismoids, the height of which are twice the contour distancee. 
The result, obtained as cubic feet of solid excavation, is converted 
to tonnage by a predetermined factor. 

In the case of stopes where this method is used for contractors* 
measurement, it is necessary to make contours at 2 ft. intervals if 
the excavation is irregular and small. 

Estimation of the Ore Reserve, — The ore reserve is calculated in the 
following manner where the ore occurs as a shoot : 

The portion of the shoot remaining between the rail elevations 
of any two adjacent levels is considered as a block. The cross- 
sectional area of the sill of the upper level, corrected for any 
unprofitable ore which has been mined, and which will probably 
be avoided in stoping from below, is taken as the area of the top 
of the block. The contours of the stope below the block are 
examined, and the area of the highest contour which represents 
the full cross-section of the shoot is taken as the bottom area. The 
height of the block is the difference between the elevations of the 
end areas. 

The ordinary prismoidal formula is of no service in][calcula- 
ting this volume, as the middle area is indeterminate, and the 
formula 

is used. To determine the actual contents, the volume already 
stoped above the elevation taken as the lower end of the block is 
deducted from the result. 

Ore is taken as * proved ' where both ends of the block are fully 
exposed, and there is reasonable evidence of continuity. This is 
generally provided by a winze through the centre of the ore- 
body, but local experience must always be a large factor in the* 
classification. 

* V = volume, h =■ heigbt. a and b — end areas. i» = middle area. 
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Example of Ore Bbserye Calculation. 

Block No. 5-260 Bonanza, 4th to 5th Levels. 

(a) Area 4ih Level Sill, 2675 sq. ft. at elevation - 4410 ft. 
\h) Area 5th Level Back, 7996 sq. ft. at elevation - 4488 ft. 

hl= (-4488) - (-4410) = 78 ft. ^ = 26 ft. 
"* 8 

Log. 

(a) 2,676 8-4278288 

(6) 7,996 8-9028728 

2) 7-3801966 

x/ab 4,625 86650988 

{a+b+ ^'Zb) 15,296 4-1845779 

-^ 26 1-4149788 

8 

(V) 897,696 5-5995512 

Stoped above -4488 ft 1,696 

Ore Beserve (cub. ft.) 896,000 5-5976962 

I'actor 12-8 1-0899051 

©re Beserve (tons) 82,200 4-6077901 

*3?be average grade is determined volumetrically. The (sq. ft. x 
^^y) of each end of the block is treated as an end area in the 
^>^e formula, which now gives as V (cub. ft. x assay) ; from this 
^Vtlt the grade of the block is obtained. 



^ Extra Copies of this paper may he obtained^ at a nominal charge, 
* the Offices of the Institution, 1, Finsbnry Circus, London, E,C, 2. 



^^WTHKB A Goodman, Ltd., Printers, 124, Fenohnroh Street, London, E.G. 3. 
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Subject to revision.] [A Paper to be discussed at a Meeting of the 

Institution of Joining and^^ Metallurgy ^ to be 
held at the Booms of the Geological Society, 
Burlington House, Piccadilly, W., on 
Thursday, April 19th, 1917, at 5,30 
o'clock p,m. 

Platinum in Spain. 

By F. GiLLMAN, Member. 

Spain has long been noted for mineral wealth, especially in ores 
of mercury, silver, lead, zinc, copper, iron and sulphur, and three 
years ago we were startled by the discovery of potassic salts in the 
rock-salt district of Cardona (Catalonia), the deposits of which are 
being actively explored. Now the turn of platinum appears to 
have arrived. 

In 1918, Don Domingo de Orueta, a mining engineer and 
member of council of the Spanish Geological Institute, during 
a field study of the peridotites in the Bonda highlands fprovince 
of Malaga) became impressed by the apparent analogy between 
these rocks (dunite, harzburgite, etc.) and those of the platiniferous 
district of the Urals, from which at least 90 % of the world's plati- 
num is derived. After a laborious petrological examination of 
both Spanish and Bussian rocks, for which more than 500 thin 
sections were prepared, Orueta found his surmise confirmed. He 
then provided himself with portable boring appliances, bateas, etc., 
imported a special * rocker ' from Bussia, and proceeded to test 
the alluvial deposits and beds of the numerous rivers in the Bonda 
highlands. 

. His chosen field of operations was the huge mass of partly 
serpentinized peridotites which extends from near the Mediter- 
ranean at Estepona to the N.E. as far as Tolox, a distance of 25 
miles, with a width of 8 to 10 miles, and which rises in several 
transverse chains or ridges to heights of 1000 to 1500 m. 
above sea-level. Having obtained from his numerous borings the 
necessary sand -samples, each of them weighing from 80 to 40 kg., 
he submitted their concentrates to spectral, microscopical and 
chemical analysis, and on October 80th, 1915, at a meeting of 
the Society of Civil Engineers at Madrid, he communicated his 
results. These may be recapitulated as follows : 

(1) The majority of the samples proved to be platiniferous, the 
metal generally appearing in the form of minute, rounded or flat 
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grains, though sometimes m small, more or less wateE- 
nuggets, with a maximum weight of about 2 grm. It is 
oiated chiefly with ohromite. 

(2) As in the Ural district, the platinum is concentrated in t 
stratum of sand 1 to 2 m. thick, reBting on bedrock and covered by 
a practically barren overliurden of varying depths from 8 to 12 

(8) Leaving out of connt the samples of four barings which 
proved exceptionally rich, rather less than one-third of the boi-inga 
yielded platinum at the rate of 2 to 8 ^rm. per cub. m. ; more thaa 
a third contaiued 26 to 40 cgrm. per cub. m., while the remaindn 
only contained a few microscopical grains of platinum, and may 
therefore be discarded as worthless. In tbiH connection it is Tportti, 
noting that, with the present price of platinum, alluvial grom 
containing only 20 to 25 cgrm. of platinum per oiib. m. is profitably 
worked in the Ural district. 

(4) Ab to thequality of the Malaga platinum, analysis proves 
it to contain from 78 to 82 % Pt, the remainder being the alliej 
metals Pd, Bh, Ru, and Osmiridium; so that it does not differ. 
esaentiftlly from the crude metal of other countries. 

These satisfactory results pointed to the advisability of defining 
the extent and average possible yield of the platiniferous deposits, 
in orditr to detormini' whrtLcr Ihoy can he workfd itidtistrially. As 
this involves an expenditure beyond Senor Orueta's means loll 
previous work had been carried out at bis expense), he sought 
Government aid, which was granted. The requisite mechanical 
drills and other equipment having been provided, Orueta, at the 
head of a competent staff, has again taken the field, to face two or 
three years more of diligent research. We can but wish him the 



''^* Extra Capies of Ms paper may be obtained, at a nominal ehmrge, 
at the Offices of the Institution, 1, Fitisbiiry Circus, London, h'.C, 2. 
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The SIXTH GENERAL MEETING of the TWENTY-SIXTH 
SESSION of the Institution of Mining and Metallurgy will be 
held, by courtesy of the Council, at the Rooms of the Geological 
Society, Burlington House, Piccadilly, London, W., on 
THURSDAY, MAY 24th, 1917, at 6.30 o'clock p.m. 

The following Paper (copy of which is attached hereto) will be 
discussed : 

Shall Great Britain and America adopt the 

Metric System ? 

By Walter Renton Ingalls, Member, 

{Prenidentt Mining and Metallurgical Society of America ; 
Pre$identt American InHitnte of Weights and Measures.) 



The Council invite written contributions to the discussion 
of Papers from any members who may be unable to be present at 
the Meetings of the Institution. 



Tea, Coffee and Light Refreshments will be provided at 6.0 p.m., 
for members and visitors attending the Meeting. 
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MOVEMENTS OF MEMBERS. 

Members of the Institution are Invited to send information in regard to their 
movements to the Secretary for insertion under this heading. Members visiting 
London are requested to register their addresses at the House of the Institution, 
where the Library, Writing Rooms, etc, are at their disposal, 

Mr. T. Buxton, Assoc. Inst. M.M,, has returned to England from 
the Congo Beige. 

Mr. J. Desobaques, Assoc. Inst. M.M., is returning to England 
from the Federated Malay States. 
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the medical examination for the Army, left the service of the 
Government of the Federated Malay States (Geological Depart- 
ment) to join the staff of the Straits Trading Co., Ltd., at 
Singapore. 

Mr. Ernest R. Woakes, M.Inst. M.M., has returned to England 
from a visit to the Argentine Republic and Brazil. 

Mr. W. R. Wright, Assoc. Inst. M.M., has returned to England 
from Nigeria. 
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TWENTY-SIXTH SESSION, 1916-1917. 



TWENTY-SIXTH ANIHTAL GENERAL MEETING, 

Tlmnday, April loth, 1917. 

s 

Held at the Booms of the Oeologioal Society^ Burlington House, 

Piccadilly, W. 1. 

Mb. EDGAB TATLOB {PrmdetU) in the Chair. 



The minntee of the Twenty-fifth Annual Oe&eral Meeting, held 
on Thorsday, March Stdrd, 1916, were read and confirmed. 

The President said that before proceeding to the ordinary 
business the members would, he felt sure, expect him to refer in a 
few words to the inspiring developments of the past week or two in 
connection with the great world upheaval which was dominating all 
their thoughts and actions in these anxious times. The first in 
point of time of the two outstanding political events was, of course, 
the Revolution in Bussia, which had changed by one stroke, as they 
all hoped and believed only for good, the whole future of that mighty 
Empire. No doubt there were internal difficulties yet to be over- 
come in Bussia, but he thought they were justified in believing that, 
by the wise moderation and forbearance of the leaders of the Russian 
people, of which they had seen so many evidences, the full fruits of 
the comparatively bloodless Bevolution would be secured, and that 
it might prove to be the beginning of a new era of progress and 
prosperity, and the final overthrow in Russia of the evil influences 
from which the Allied Nations had all suffered in varying degrees 
for so long. 

The other great event to which he referred was the advent of the 
American Nation into the War. It was an event which would stand 
out in history for all time. Great as its material effect would be, 
its moral effect would be infinitely greater, and they all rejoiced to 
have their American friends fighting side by side with them in this 
terrible struggle. 

It was a glorious fact that the Union Jack and the Stars and 
Stripes were uniting the whole English-speaking world with the 
Allied European Nations in this great fight for freedom and civil 
isation. The subject was too great for him to att^**'-' 
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it, SO with that brief reference be would submit to the members a 
message of greeting which he felt sure they would desire should be 
sent to their Sister Society, the American Institute of Mining 
Engineers : — 

' The Institution of Mining and Metallurgy, asiembled in London in 
Annual General Meeting, sends fraternal greetings to the Amerioan 
Institute of Mining Engineers, and rejoices in the new bond of friend- 
ship and unity of purpose between the two Societies resulting from the 
great historic act of participation of the American people in the War of 
Freedom and Civilization against Military Autocracy and Barbarity.' 

Sir Thomas Kirke Rose said he was most heartily in accord 
with the resolution, and it gave him great pleasure to second it. 

The resolution was carried by acclamation. 

The President stated that the message would be cabled on 
the following day to New York. 

Note : — The following reply was subsequently received by caUe : 
* Your cordial greetings much appreciated by American Institute of 
Mining Engineers, whose Board of Directors at its meeting last evening 
responded with sincere wishes and statement that the members of our 
Body are doing all in their power to hasten active participation with our 
Allies. Philip N. Moore, President ; Bradley Stoughton, Secretary.* 

Mr. William Habakkuk said he had much pleasure in 
moving: 'That Messrs. C. J. Price, H. Brelick and S. J. Lett 
be and are hereby appointed Scrutineers to examine the balloting 
papers for the election of Members of Council.* 

Mr. W. R. Thomas seconded the resolution, which was 
carried unanimously. 

The Secretary then read an abstract of the Report.* 

The President said that in connection with the Committee 
of the Privy Council for Scientific and Industrial Research, he had 
only that day received a letter from Dr. Heath asking him to 
continue in office for a further twelve months, viz., until March, 
1918, and desiring him to ask the same gentlemen to continue to 
act till then. 

The Report which had just been read spoke for itself, and he felt 
sure the members would agree with him that in all the circum- 
stances the position of the Institution at the end of 1916, after 
two and a half years of war, was eminently satisfactory. He need 
not do more than refer in a few words to one or two points. 

He was glad to be able to say that the Tin and Tungsten Research 
was making very satisfactory progress under the direction of Sir 
Thomas Rose's Committee, and he thought the Council were 

* The Beport of Council and Statement of Accounts were issued with the 
April BuUetin. 
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tiboroughly justified in looking for solid results from the investiga- 
tion. A very large amount of work had been done, but much more 
still remained to be done ; in fact, there could not be any absolute 
finality in work of that character. 

With regard to the proposal for the organization of the mineral 
and metal industries of the Empire, he understood that no decision 
had yet been come to by the Government, so far as the machinery 
for giving effect to the proposal was concerned, but the principle 
had met with complete approval. The question of the organized 
development of their mineral resources not only affected the whole 
Empire but was bound up with their future relations with the Allied 
Nations, and it was one which required the most serious consider- 
ation of the Imperial Government, which he had good reason to 
believe it was actually receiving. He hoped that a decision would 
be arrived at without unnecessary delay. 

Meanwhile, a beginning had been made in regard to the mineral 
resources of the British Isles, so far as they were affected by War 
requirements, by a Department of the Ministry of Munitions, of 
which their friend, Sir Lionel Phillips, was the head. He (the 
President) and several of his fellow-members of the Institution 
were serving on Sir Lionel Phillips* Advisory Committee, and they 
were of course giving all the assistance in their power. The fact 
that at this late date in the War such a Department had to be 
3iastily set up was an additional proof, if any were needed, of the 
necessity for a Department of Minerals and Metals, the establish- 
ment of which they, with the support of the Institutions representing 
'the other branches of the mineral and metal industries, had strongly 
"virged upon the Imperial Government. 

It was a gratifying fact that the Governments of most of the 
J)ominions had already definitely approved the proposal, and it had 
adso been approved in principle by the Dominions Eoyal Commission, 
if^bo, in their extremely instructive and constructive Final Report 
just issued, laid special stress upon the urgency o£ the work to 
he done. 

With regard to the taxation of the Mining Industry, he felt that 
the Institution was right in devoting its energies to that difficult 
«nd most important question, with the object of securing in the first 
place an equitable adjustment of the incidence of the Excess Profits 
Duty, and secondly of the Income Tax. 

The members were all aware of the conditions of risk and un- 
certainty which made the Mining Industry differ so essentially from 
other industrial enterprises, and anything which threatened the 
industry, as those anomalies of taxation did, was of serious moment 
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to the national intereals. He relied, howevsr, with confidence 
the united eSorts of tbe Institution and tbe Companies affected^ 
proving successful in Becuring an suitable adjustment of tbo 
question. 

With those ver; brief remarks he begged to move that tba 
Report and Accounts be adopted. 

Mr. E. W. Jansoa had great pleasure in seconding the 
adoption of the lieport and Accounts. There waB only one remafk 
he would like to make. Whatever the War bad done for them 
detrimental way, it had certainly largely increased the activities d 
the Institution, and be thought it was a matter of great benefit to 
the country that tbe Incititution bad taken action on bo man; 
queHtioQs affecting tbe industries of mining and metaUurgy, 

Tbe Report and Statement ot Accounts were unanimously 
adopted. 

The President was sure that the nest resolution which ha 
bad to move required no words of his to recommend it. Thuy hod 
enjoyed tbe hospitality of those Rooms for their General Aleetings 
for so many years tbat tbey bad almost become their second home. 
Ho begged to move : 

■That the ihanki of the luBtitutioo of MininK iind Mfltnllurgy ba, 
and BIB heiebj accorded to the Council of the Geological Society tor 
their courtesy in again granting (be use of their Rooms for th» 
Institution Meetings during tbe preaent SeBsioa.' 

Dr. J. A. L. Henderson seconded the resolution, which was 
carried unanimously. 

Mr. Sydney W. Smith said that his pleasure in proposing a 
resolution of thauks to the President, Council and Officers of the 
Institution tor their services during the past year was only tempered 
by a, sense of responsibility in attempting to give adequate expres- 
sion of tbe Institution's indebtedness to tbem. It would be a 
matter of great satisfaction to everyone to learn that Mr. Edgar 
Taylor would preside over them for another term. He need hardly 
speak of the esteem, be might almost say tbe affection, with which 
Mr. Taylor was regarded in tbe Institution. The dignity and the 
courtesy which he invariably brought to their Proceedings made it 
doubly fortunate and gratifying that his ripe experience and mature 
judgment should be at the disposal of the Institution for another 
term. 

With regard to the work of tbe Council during tbe past year, he 
need not refer to details: they were before the members in the 
Report of tbe Council, of which an abstract had been read by tbe 
Secretary. After the welter of the present strife it was certain that 
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those who accepted the immense responsibilities of controlling and 
directing the destinies of this country would look with expectation 
and confidence to the Council of the Institution for guidance and 
assistance in relation to those matters with which it was more 
immediately concerned. 

Haying regard to the past records and to the present virility of the 
Council, he thought there was abundant promise that that expecta- 
tion and that confidence would not be misplaced. It was a matter 
of the greatest satisfaction during these times, when almost every- 
one's energies were directed to action rather than to reflection, that 
the Council of the Institution, and the Councils of other bodies, 
should be able to formulate, with steadiness and with their collec- 
tive wisdom, plans for the reconstruction in the future. They 
welcomed the lead which the Institution had taken, not only in 
reflecting the best practice in the arts which it professionally 
represented, but also in the steps which it was taking to ensure 
that sound principles were promulgated on which the best practice 
alone could be based. 

There was one paragraph in the Council's Report, an unavoidable 
paragraph, which he was sure they all hoped might never appear 
there again : he referred to the fact that the post-graduate Scholar- 
ships and other Awards were in abeyance. In the past they had 
followed with great interest the sustained and widening policy of 
the Institution in exerting its influence, and making its influence 
effective, in matters relating to the training and guidance of those 
who, in a few brief years, would be responsible for giving efl'ect to 
those aspirations of well-being in the industries which they repre- 
sented, aspirations which at this time more than at any previous 
time they were all so anxious to see realized. 

They were all greatly concerned at the present time about the 
co-ordination of information and the efficient development of their 
resources, but, after all, their greatest resources were those who 
were entering upon a great inheritance. Bringing with them, 
as one hoped, the very best intentions to excel, they would still 
need abundant facilities and proper guidance to enable them to 
show themselves worthy of the great sacrifices which were being 
made for their very existence as an unfettered nation. 

With regard to the work of the Officers of the Institution, he 
thought they were all familiar with the wealth of metaphor which 
had been applied in the past to the good qualities of their Secretary. 
Enthusiasm had, at times, reached such heights that metaphor had 
been poured out with a reckless disregard of the consequences of 
mixing good things. He found that one speaker had referred 
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almoBt in the same breath to their Seoretnry as ' a steady helnU' 
man," and nlao as ' a sturdy Eddystone above the ebb and Sow.' 
No do)ibt the speaker on that occasion was anxiouf: to express what 
they all felt, that their Secretary's functions were so many and so 
various ihat, whether in taking a turn at the tiller or whether in 
shedding light and guidance over the unchartt^d wastes, he wu 
always rendering invaluable services to the Institation. 

It was with great pleasure and with great confidence of a generoia 
response that he moved the following resolution : 

' That tbe Members of tlie InHtitutioa of Mining anil Metallurgy noM 
with aaliBfaction that the activities of the Institation during 1916 were 
fully maintained, and that its financial poailian after two and a half yean 
of War Buffered to so small an extent aa that shown by (he AocouaM, 
and they doaired to record their sense of appreciation and thanks to thi 
PreBidi?nt, Council and Officers for theimpoTtaiit work accompliBhed bji tha 
Institution during the ji^ar to which the Coundl's Report bears evidence.' 

Mr. R, O. H. Spenoe ^aid it was with great pleasure that h« 
seconded the resolution just moved, which had been so well put to 
the meeting by Mr. Sydney W. Smith. Mr. Smith bad left little 
for him to add. When asked to undertake the task he had felt 
honoured at being paid that compliment ; he felt more honoured 
and proud now thiit ho wa'? iictually performing that plensing duty. 
As an Associate of the Institution whose ofBcial duties compelled him 
to reside in a somewhat distant corner of the far-flung British 
Empire, namely, British Guiana, he could testify to the pleasnre 
which the papers and the Transactums of the Institution brought to 
the members and associates abroad, and to the interest with which 
they were read, and the instruction and up-to-date information 
derived therefrom. 

His personal o^periences of the Council and their Secretary and 
the whole staff, on the occasions that he had been in England, had 
always been of the happiest. He had had the honour of being 
present at the last annual dinner given by the Institution in April, 
1914, when one who, alas! was no longer with them lo-day, was 
the President. His speech, which was on record in the Transaction* 
of the Institution, stood as an everlasting proof — if such were 
needed — of the man's sterling ability and worth. It would be pre- 
sumption on hia part to say more about the late Mr. Bedford 
McNeill whom, he was pleased to say, he had got to know personally 
in March, 1914, and the news of whose death had come as a great 
shock to him, as he felt sure it had to every member, associate and 
student of the Institution. At that same la.^t annual dinner, by a 
lucky chance, he huii got to know other worthy members of the 
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Institution and Council, from whom he had reoeived great personal 
kindness and invaluable help. 

With regard to the Secretary, he could only say that he looked 
upon him as a friend. He owed him several debts of personal and 
official gratitude. If the opportunity ever arose, he would have the 
greatest satisfaction and pleasure in trying to return them in some 
small way. 

As to the rest of the staff, he would add that it gave him the 
greatest satisfaction and pleasure to express his appreciation, and 
might he say the appreciation and thanks of the whole member- 
ship of the Institution, for the efficient way in which they had 
performed their duties in the trying time through which they bad 
passed and were still passing. 

The resolution was carried unanimously. 

The President desired, on behalf of his brother members on 
, the Council, and of the Secretary* and staff, to thank Mr. Sydney 
Smith and Mr. Spence very much indeed for the kind way in which 
they had put the resolution before the meeting. To him it was a 
perfect marvel to note the way in which the Council had devoted 
their time to the work of the Institution. If he were to let the 
members into the secrets of the attendance book of the Council, 
he felt sure they would be, not surprised, but more than delighted 
to see what careful attention their elected Council year by year 
gave to the work of the Institution. 

For their kindly remarks in regard to the Secretary he returned 
thanks warmly on his behalf. He was so constantly in touch with 
the Secretary in the work of the Institution that he perhaps, as well 
as anybody, knew how devoted he was to his work, and to the good 
of the Institution. The staff of the House in Finsbury Circus, 
who worked under Mr. McDermid, he also knew, and he endorsed 
every word that had been said as to the manner in which their work 
had been carried out. 

As to himself, be was in their hands. He could only assure them 
that it had been his desire throughout that any power, any know- 
ledge, or any work that there was in him, which he could use for the 
good of the Institution, should continue to be exercised during the 
term for which they had been so good as to re-appoint him, namely, 
until March next year. 

Mr. WUliam Dewar moved : * That Messrs. Woodthorpe, 
Bevan & Co., Chartered Accountants, be and are hereby re-appointed 
Auditors of the Institution accounts for the current year.' 

Mr. Alexander Richardson seconded the motion, which 

was carried unanimously. 
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The President pmoled oat th&t in ordinary circnmBtaiii 
thej would haTe had an opportnni^ at that roeetiog of than)diigtb> 
retuing President in persoa for his condnot in the Chair during the 
preceding rear. As they were awar«, 8ir Richard Redmayne bad 
found it necessary in Aagnst l^t to relinqoish the Presidency, bat 
be felt sore th*y wnaH wish to rooorf Iheir cordial thaako to him for 
bis services to (he lostitation daring the months of his occupancr of 
the Chair. As many of them knew. Sir Richard Redmayne was no* 
occupying a Tery onerous pogition in tho Government io connection 
with the coal industry, &nd he was sure that Sir Richard had their 
good wishes in a special sense in the discharge of his very respontiibls 
dnties. He therefore asked them to record their thanks to him for 
his oondact in the Presidential Chair. 

Mr. Walter McDenaott said he had great pleasure in 
seconding the resolution. They all recognized that Sir Richird 
Bedmayoe, as far as he was able to devote his time to the InstitutioD, 
bad made an excellent President, and they owed him as mach 
thanks for what be bad been able to do as if he bad served bis Foil 
term as he had intended to do. The loss of bis services had been 
softened to them by the success of the Council in dragging 
Ur. Edgar Taylor again to the Ch&ir, forcing him into it, and not 
only forcing him into it, but making him lake an additional tenn 
when they got him there. 

The resolution was carried by acclamation. 

The President snid he had now rather a curious duty to 
perform. In the ordinary course he wonld have to rise and deliver 
a Presidential Address. He would relieve their minds at once by 
saying ho had no such intention. 

AH be had to do was to get out of the Chair and get in again. H 
he were permitted, he would do so by sitting down. 

At tliB conclusion of the meeting the Scrutineers reported th»t 
the following were elected Members of Council : Messrs. R. Gilm^ 
Brown, John Cadman, H. C. H. Carpenter, T. C. Cloud, R. E- 
Commans, Arthur Dickinson, W. R. Feldtmann, Sir Robert ^• 
Hadficid, Dr. J, A. L. Henderson, Sir Thomas Henry HollaU^ 
Messrs. E. W. Jnnson, Hugh F. Marriott, J. C. Moulden, Kegin^^ 
Pawle, Arthur E. Pettit, Hugh K. Pieard, S. .1. Speak, Charles f^ 
Stewart, R. Arthur Thomas, W. H. Trewartha- James, S. J. TruscoC>^ 
Leslie Urqiihart, Stephen Vivian, W. Fischer Wilkinson and Erne^ 
R. Woakes. 

The President moved, and Mr. Humphrey Morgani^ 

seconded, a. hearty vote of thanks to the Scrutineers, which wa^ 
carried by acclamation. 



> 



DISCUSSION 

ON 

'Stope Measurement at Messina.' 

By William Whttb, Associate, 

T. Humphrey M. Morgans, after briefly describing the 
)r's method, said that the system appeared to have been 
tnely well worked out. There must be some practice needed 
der to get consistent and accurate results, but he thought, 

that practice and the care that was necessary so as to get the 
Qgs correct, it must lead to a very accurate knowledge of the 
kge which each stope yielded. 

r. Morgans then read Mr. L. H. Cooke's written contribu- 
lO the discussion. 

r. L. H. Cooke : The special method of stope-surveying so 
y described in great detail by Mr. Whyte should be welcomed, 
adds another resource to the mine-surveyor faced by difficulties 
ke nature. Broadly characterized, the method is a combination 
e use of the old but evergreen hangezevg with a novel and 
ible variant of the * Sunflower ' cross-sectioner first used in 
'ew Croton Aqueduct some thirty or forty years ago. 
tie adverse criticism seems possible as regards the main 
rse made with the old hinigezeug on time-honoured lines, but 
e or two respects the author is a little more exacting than is 

for such small branch-surveys : as instances, the limit of the 
li of the drafts, viz., * not more than 25 ft. or 80 ft.* and the 
iral of steel tools 20 ft. or more away from the instrument seem 
r rigorous requirements for this class of work, 
regards the 25 ft. to 80 ft. maximum draft, in the example given 
pical by the author, there are no less than four drafts out of 
hose lengths each exceed 80 ft., and two of them are 40 ft. or 
rds in length. There must be occasions when still longer 
\ are convenient or essential, e.g., to enable the compass to be 
at a sufficient distance from iron and steel objects which it is 
[esirable to remove. It is true that the Continental mine- 
yors often limit their drafts to 10 m. (82*8 ft.) when accurate 
ed levels are required ; but this is for best work, not for stope- 

isibly, however, the * excessive sag' of longer drafts mentioned 
r. Whyte (p. 2) is not so objectionable on account of resultant 
I in elevation (seeing that a local variation of 6 in. for a whole 
lal section is permitted as stated on p. 9) as on account of the 
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oomp&ss ilroopiag to the floor, tootwall, or broken stuff in vertically 
narrow openinga, when il may take an incorrect position and 
demand a (urther expenditure of time on a re-adjuiitmont of the 
cord, or a cbaoge of station, stc. This can usually be avoided by 
testing the tension by pressing down tba cord, but I would not 
willingly let slip^the opportunity of auggeating to instrument- 
makers that now is the time to consider the introduction of a some- 
what smaller and lighter compass specially designed for stope- 
surveying. I 

The supporting frame in which the compoea swings could i». 
advantageously made of aluminium or magnalium, and its leading , 
edge ur ' north' prow oould be waved to diBlinguish it as suggested 
by ProfeBSur Hausamann. Such a lighter tool would demand less 
care as to sag. 

It the 'esceaaive aag,' which causes the aathor to avoid drafts ' 
longer than 26 ft. or 90 ft., is experienced with tbe cross ~ sec tiouer. 
tben the use of a lighter metal for it such as aluminium or 
magnalium would certainly seem desirable. 

If, lastly, the 'excessive sag' is feared on aocomit of its effect on' 
tbe main clinometer readings, then one would have thought tbafe; 
tbe old practice of rending the main clinometer before the compasa 
has been applied, and has stretched and slackened tbe cord, would 
have been adopted. 

Also, as the clinometer is used twice on each draft, might it not be 
turned end for end, for the second observation, with advantage as 
regards tbe partial compensation of some of its errors of construction? 
I do not quite grasp the degree of accuracy as regards elevation at 
which tbe author is aiming, but suggest that possibly hanging the 
clinoniuter only once and at the middle of tbe draft or, on steeper 
lines, a little above tbe middle would be quicker and perhaps as 
satisfactory. 

Whatever may be tbe explanation of the author's objection to 
long lines on account of excessive sag, it is obvious that longer 
drafts would often be convenient and would often expedite the 
work. The experiment of increasing tbe maximum length of draft 
seems worth a trial. 

It is iny impression, basod on a good deal of miscellaneous 
compass surveying, that unless there is a very considerable pile 
of steel tools, the niinitnum of 20 ft. for their distance from tbe 
compass can be much reduced. Having only just received the 
paper, I have not yet bad time to obtain more than one numerical 
illustration for present use. At ditlerent points along a cord 
stretched for 36 ft. I read several bearings with a Freiberg com- 
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pass having an excellent needle. Three poll-picks, whose heads 
with wedges must weigh 10 or 12 lb., were piled with their 
heads close to one ' station ' or end of the cord* No perceptible 
difference of reading was obtained till the compass was only a yard 
and a half from the pickheads. 

The avoidance of belts with steel buckles is very necessary, as the 
author states, and it may be well to add for the benefit of the young 
surveyor not familiar with compass work, that nearly all that 
glitters like brass is not solid metal but merely coats a core of 
steel. It may, perhaps, not be out of place to recall to mind that 
a magnetic substance influences the needle inversely as the square 
of its distance from it. Consequently it is advisable that any metal 
object worn on the upper part of the person should be tested as to 
its effect on the needle. 

Again, if ordinary nails are used to hold the cord at the angular 
points or * stations ' of the traverse, a practice commonly permis- 
sible, there will be points where it will be better to use brass screws, 
preferably those sold with metal handles or keys to facilitate their 
insertion or withdrawal. At times it is advantageous to hang the 
compass close to the station, as, for example, in a case where other- 
wise the sag would be so great as to lower the compass on the rock, 
etc. 

The cross-sectioner strikes one as a handy tool, but only experi- 
ence with it can make one fully appreciate its merits and realize its 
drawbacks. Of the latter, the following occur to me : (a) extra sag 
of the traverse-draft already dealt with, (b) coarse and inaccurate 
reading owing to the disadvantageous position of the tape used as 
index. Whether these drawbacks are sufBciently great to lead one 
to prefer the method practised by Mr. F. T. Greene (I am in 
Cornwall and unable to give reference at present), of hanging the 
offsetting clinometer on the tape itself and not on the draft-cord, 
only a practical comparison can decide. Such a practical com- 
parison should also include the use of the theodolite as described 
for the shrinkage-stopes of Mount Lyell and North Mount Lyell 
Mines in the Transactions of the Australasian Institute of Mining 
Engineers. In this method, vertical sections are taken by the 
theodolite in various planes radiating from the azimuth-axis of the 
instrument, a method not clearly specified by Mr. Whyte as having 
been under his consideration. 

The estimates of ore broken and in reserve are made by the 
author with the standard formulae — ^methods which I have taught 
as standards of comparison for nearly 80 years ; the formula used 
for the ore-reserve example is a special case of the prismoidal 
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(brtniila. It noed not be used when the parallel end-areas Are not 
vnry unequal. Even when the mtio of one to the other is as nmdi 
a* 1 : B, 1,14 in ^bii numerical example in tbe paper, the differencft 
Imtvoiin ibe standard value and ths rougher approximation obtainad 
liy mtitiK thu nritbtnetic moan of tbe two areas ie oni; soon 

HoVuQ-plaoe logarithm!! are o\tt of place (or suob ctdcnlattoDs. 
Tbuy will giv» an accHracy of 1 in 1,000,000 or higher, if tbe i*» 
iirti oorrn«pnadtngly trustworthy, but here tbe data used are ott*n 
inoorreol from 1 in 400 to 1 in 40, and the use of the fortaoli 
iiiiplioA a piQS^ ss to tbe value of the ore remaining oonRtant. 
Hood ffliir-pUott tabltM would serve tbe purpose, and the bmij 
rtvft-plu<.t> tables would give an ample margin of accnroc; uti 
would perhaps be moet convenient. 

Not only would tho mdaetion in tbe amount of computation u)d 
i-kaacr« of blunders iiioT««se tbe speed, but the smaller stse of the 
tables, tbe fewer pages to ttim over, fewer numerals to take out and 
trnnwribv, would tmnd to Ibe same end. In short, tbe fewer tbe 
Attntiti tbe teirer tfao bltudera and the faster the progress. 

Mr. H. F. Marriott *ud that the mention of the banging 
rnnijwsx took him back ko his earliest days of mining in Spain 
•aIim. .: ■oiiiniili' mui he weii:' instructed to survey a lead niiDL', 
« hich had difficulties commensurate with those before them, and 
they were provided for this purpose with a hanging compass toi 
pt-^s And line. They made serious and enthusiastio efforts to get 
some si^rt of result out of the compass. There was a good deal 
<i[ iron alx>ut in the mine, some not removable, which affected the 
cunipass. and the instability of the support made this isfloeiioe 
variable and rendered the readings useless. Finally, they bad to 
de{H>nd upon a prismatic compass and an Abney level, and ha 
found li)At after rnnnin,? over the work throe times they got a* 
yiMvi txwults as ihi'v desired. 

W till i^'iianl (o the use of the needle, he did not see why any o»* 
»»iiM take the risk of using a compass under ground, howev^^ 
ni'.'iiiitli'Iv ibi> itirtlle ini^ht work, except simply a? a fised needl^^ 
llirii Wiis ii' s«y. .tlways r»>ading the back-sight and fore-sigbt. I^ 
ilii> wmi .if (he bAiii;iui; iMvnpass a slight slackening or tightening 
lit ilie tiiii> iiikIi; I'riiii; the ooiu^VAss into a different position witt^ 
ii>.;:ii.l [.> iiMii ui the Mi-iniiy. and pnxluce an erroneous reading. 

In l^iiei iM>i k 1)1 ibe Transvaal, be ivmembered hatnng to survey^ 
n mm.' "Iii.-ti hsd not Nx>n enier«<l for several years, and which. 
Im.l iiijiii\ I'll..- in il ouly Ur^^e eiiousrh to crawl through. It waa.- 
II li.>i-i..'iiMl t.>.U> HI1.I iben>fon' prviKnbly ai^ difficult as the vertical 
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vein referred to in the paper. He obtained the necessary accuracy 
with a small theodolite set up on a candle box instead of on its 
usual supports. He should say that with either a 8- in. theodolite 
or the combination of prismatic compass and Abney level, surveyors 
would find they could determine any difficult position that was 
accessible to themselves with more accuracy than by any other 
method. 

Mr. Humphrey Morgans said that the effect of iron or 
steel on a loose needle survey was less than was generally thought. 
A loose needle survey of a mine with the rails in position would 
give as good results as if the rails were removed by taking the 
precaution of getting the needle about as far from one rail as it 
was from the other. Of course, if there was a mass of magnetic 
material in the wall or anything of that kind the loose needle 
survey would not be accurate. 

Mr. H. A. Titcomb wished to make one remark about the 

attraction on the needle. He was not a special surveyor, but had 

had to do a considerable amount of such work in connection with 

ore-estimates, and he found in such stopes as those described that 

the Brunton pocket transit was a useful instrument. It gave the 

vertical angles as well as the compass reading. With regard to 

local attraction, of course it was well known that if one could use 

an ordinary compass, that was an ordinary needle, and take back 

and front-sights, one would come to places where one would get an 

agreement between the back and the front- sights at two or more 

consecutive stations, which indicated that at those points there was 

no local attraction ; and from those correct bearings it was easy to 

correct the others. But he did not see how that could be done in 

the case of a compass suspended from a string. He did not see 

how one could get a back-sight in that case, as the compass would 

not be located exactly at the station. 

Tlie President invited further discussion by correspondence. 



CONTRIBUTED REMARKS. 

Mr. Alex. Richardson : The Messina Copper Mine is one of 
the many striking instances of civilization's debt to mining, for it 
has been the means of creating in the wild Northern Transvaal an 
Oasis of social and industrial progress which will assuredly hasten 
the development of a Vast and little known district. The Company, 
in the face of great difficulties, has successfully tackled the many 
mining and metallurgical problems with which it has been con- 
fronted ; and it is to be hoped that Mr. Whyte'a useful paper is the 
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forerunner of others dealing with the larger aspects of mining or 
metallurgy. 

Having visited the mine a few years ago, I am able to appreciate 
to the full the author's enumeration of the difficulties in the way of 
the successful employment of the theodolite for stope measuring; 
but I think he is a little too uncompromising as regards some of the 
points. The theodolite can easily be used in places even less than 
18 in. in height by placing the instrument directly' on a piece of 
board bedded down on a few handfuls of fines; and the trust- 
worthiness of the Kaffir is not by any means impaired by his 
working at a much greater distance from the surveyor than 20 ft. — 
if it were, a great portion of the work of the South African mine 
surveyor, on the Rand at any rate, would have to remain undone. 

Apart, however, from the objections put forward in the paper, it 
would be, in my opinion, most injudicious to employ a theodolite for 
the class of work the author describes, for the reason that a valuable 
instrument of precision should be reserved for work demanding 
precision and not be used for the comparatively rough work of stope 
measuring. For such work the miner's dial is admirably suited; 
and if it is equipped with three tripods, or their equivalents, very 
speedy progress can be made with it. It allows of change from 
fast needle to loose needle at will, as the presence or absence of iron 
may dictate ; or the loose needle may be employed throughout, the 
adjustment of the readings when affected by the presence of iron 
being easily made, provided that an occasional station in the stope 
can be found removed from its influence. 

In connection with the author's method the following devices 
might be worth trying: The substitution of brass or copper wire for 
the string used in ranging the traverse ; the addition of a central boss 
to the polar protractor to enable it to ride more securely on the 
string ; and the use of the extensible rod, suitably graduated, instead 
of the tape for measuring the offsets. In the ore reserve calcula- 
tions, logarithms to seven-figure mantissae seem scarcely called for, 
as five-figure logarithms will furnish far more than all the needful 
accuracy. At any time great mathematical refinement is somewhat 
out of place in the calculation of ore reserves, as so much depends 
on factors that can only be determined approximately. 

The author has worked out a serviceable method for cases where 
close measurement is necessary, but it would seem to be rather 
laborious for ordinary routine stope surveying. 



There was another paper on the Agenda, 

* Platinum In Spain,' 

By F. GiLLMAN, M ember y 
which would be discussed by porrespondence. 
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ON 

" Hydraulic Tin Mining in Swaziland." 

By J. Jervis Oabbabd, Member, 

Mr. A. Trevor Roberts : I have read Mr. Garrard's paper 
with much pleasure, and feel sure that the data contained therein 
will be found to be of very considerable value, especially those 
dealing with the efficiency of the various units of the hydraulic 
plant. 

With regard to the dressing of the tin -concentrate, however, I 
note that after < streaming,' the product is brought up to bagging- 
grade by means of a Wetherill separator. This doubtless gives 
satisfactory results, and under the conditions ruling at Mbabane, 
may possibly be the only means applicable ; but taking all things 
into consideration, a magnetic separator, of whatever design, is 
rather an expensive item, especially on an alluvial property, and 
its elimination can only be an advantage if it be possible to bring 
the tin content of the concentrate up to the same percentage by 
other and more economical means. 

When power-water is available, this should present no great 
difficulty, for by means of a small turbine, sufficient power to 
operate the necessary dressing-machinery can be readily obtained. 

One such plant, which happened to come under my observation, 
consists of two hydraulic-classifiers in series, one shaking-table, one 
buddle, and one *Willoughby,' with the necessary screens, pipes^ 
etc., all contained in a compact cement-fioored building, and has 
been treating, for several years, low-grade alluvial tin-ore containing 
a considerable amount of monazite and ilmenite, at a very moderate 
cost and with marked success. 

I was much struck by the use of pontoons for the support of 
gravel — and nozzle — pumps ; the idea is excellent and is one which^ 
under similar conditions, might with advantage be more generally 
adopted. 

The only precise information given in regard to these pontoons 
is that each is 20 ft. square, but no mention is made of the depth 
or of the materials from which they are constructed. 

Their erection in or near an industrial centre, would, of course^ 
be quite a simple matter, but in view of the fact that the property 
of the Swazi Tin, Limited, lies at such a distance from the nearest 
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have been formed at the end of the magmatic period 
replftcemant of silicates."* 

These two fjontlemen have read the literature ot the subject 
carefully and have examined a great nuniber of polished sectioua 
from Sudbury and ekewhere, as sbown by their references and by 
the admirable plates accompanying their paper, but they seem 
never to have studied the field relations as shown, for example, at 
Sudbury and on the Ineizwa Range. The settling of the heavy 
olivines and of the still heavier snlphideii at the bottom of tha 
Inaizwa basin and the fact that ores are found only in depreesions 
beneath the norite at Sudbury and never at upward bends of the 
underlying country rock receive no explanation by their theory ; but 
the most fatal objection to it is found in the enormous amount oE 
pyrrbo lite -norite overlying the great Sudbury ore deposits. 

Probably half or more than halt of the ore of the region is 
sprinkled as separate pellets through the norite above the main 
depoaiti^. These pellets or blebs of sulphides may be found boudreds- 
of yards away from the minee, growing fewer in number and 
finally disappearing. Thin Bections of pyrrhotite- norite often show 
that the enclosing rock is so fresh that even the byper^tbenes ate 
unchanged; and neither hand specimens nor thin sections give art; 
evidence of cbnnnels by which the little masses of oic coi.1.1 have 
reached their present positions. These widely scattered pellets of 
pyrrhotite and ehalcopyrite completely enclosed in unchanged norite 
are easily explained by gravitative segregation aBthe magma cooled, 
but are inexplicable by any theory of replacement, A walk of half 
a mile over the basic edge of the eruptive sheet near one of the great 
marginal mines near Sudbury makes this absolutely clear. 

The weakness of tbemetallographic method of solving the problems 
of ore deposits lies in the fact that only the final relations of the 
minerals concerned are disclosed by the polished sections studied. 
Their previous history must be determined by broader geoMgical 
methods and one must be familiar with the field relationships if 
correct results are to be looked for. 

Though the nickel deposits of the Insizwa Range differ from those 
of Sudbury in being associated with very basic and magnesian rocks 
instead of latber acid norites, they furnish an equally convincing 
example of luagiuntic segregation aided by gravity ; and the fact that 
similar results are found in sheets of rock which differ so much in 
composition shows that this method of accounting for sulphide ore- 
bodies is widely applicable. 

It is probable that the Alexo nickel mine, east of the Porcupine 
• • A atuiiy of llie Magmntic Sulphiiie Ores ' ; Stanford Unirfrsily Slaiiia, 1916. 
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gold region, has a closer analogy with the Insizwa deposits than the 
Sudbury mines, since the sulphides at Alexo are at the base of a 
mass of serpentine still retaining the forms of olivine crystals. 
Unfortunately the serpentine area enclosing the ore is poorly 
exposed, being mostly drift covered, and its wider relationships are 
not known. One would expect that here, as on the Insizwa Range, 
the serpentine would pass upwards into olivine-free gabbro or norite. 
Though the South African nickel region has not yet furnished 
deposits of workable dimensions, its investigation has given results 
full of interest for mining geologists. 

Professor Grenvllle A. J. Cole : I have read Mr. 

Goodchild's paper with great interest ; but I do not feel competent 
to express an opinion as to the phenomena without personal 
acquaintance with the masses in the field. The view put forward 
by the author that the veinlets of microgranite in the contact-region 
result from a melting of constituents of the horn stones seems to 
have features in common with that propounded by Professor Schwarz 
for the classic section in the Malmesbury Series east of Cape Town. 

In the latter case some transference of material has taken place 
from the invading magma to the aureole; but Mr. Goodchild's 
suggestion involves simpler considerations, and may prove applic- 
able to other cases in which marginal differentiation has been 
invoked. 

There is no difficulty in accepting his view that the argillaceous 
rocks were not by any means so compact at the time of the intrusion 
of basic matter into them as they have since become ; but I confess 
that I have nowhere seen evidence of flake-like veins formed by the 
infilling of shrinkage- fissures in an igneous mass near its margin. 
Case after case may be cited where such parallel flakes prove to be 
true inclusions, and the degree of metamorphism undergone by them 
in various parts of the exposures is by no means constant. 

Parallelism among such bodies usually implies that they were 
originally fairly rigid, and remained in position despite the melting 
out and replacement of intervening layers ; but it may also represent 
a flow-structure in the composite rock, and may thus be compatible 
with a certain softness in the mass from which the inclusions were 
torn off. 

May I, as a detail, ask Mr. Goodchild to reconsider the word 
* homfelses,' seeing how familiar * hornstones * were to our geological 
predecessors ? I confess that the same men used the clumsy term 
' greywackes ' ; but they did not think of writing * griinsteins.' 

Cbowthbb a Goodman, Ltd., Printers, 124, Fenchurch Street, London, E.C. 3. 
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Shall Great Britain and America adopt the Metric 

System ? 

By Walteb Renton Inoalls, Member, 

{President f Mining and Metallurgical Society of America ; President, 
American Institute of Weights and Measures,) 

NoTE^—l have sent this paper to the Institution of Mining and 
Metallurgy in the hope of opening the eyes of its members to a great 
danger with which it seems to me both Great Britain and the 
United States of America are threatened by the present strong metric 
propaganda. Although I have in my paper used American 
illustrations and references^ and there are probably variations in 
British customs and practices, I feel sure that readers in Great 
Britain and the Colonies will find no difficulty in applying my 
argument to the things they know. 

The discussion of the metric system at the meeting of the institution 
on Nov. 16, 1916, prompts me to make a communication on this 
subject. In the United States there is a persistent and insidious 
effort by theorists to substitute the metric for the existing system of 
weights and measures. In order to combat this, the American 
Institute of Weights and Measures has lately been organized. The 
subject is of vastly greater importance than is commonly compre- 
hended and therefore an earnest propaganda is necessary in order to 
arouse the people of Great Britain, her Colonies, and the United 
States to the importance of preserving their interests. 

Before entering upon any discussion of the metric system, let a 
sharp line be drawn between it and the decimal system. The 
advantages of the decimal system are so manifest in many cases that 
the prometric party is wont to cloud the issue by making it appear as 
if the metric system were the only decimal system. Beally, there is 
the fundamental difference that the decimal system per se is merely 
arithmetic, while the metric system involves the basic imits of 
weights and measures. Thus, for convenience, miners and smelters 
decimalize the ton, railway operators decimalize the mile, surveyors 
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decimiilizo tbe foot, and machinists decimalize tbe inch. 6nt thft 
basic imita remain unchanged. 

Another source of confusion will bo dispelled if we can eradicate 
the chimerical idea of establishing uniformity, which in itself la 
ftlluring. But from a project that would manifestly put tbe weights 
&nd lueasnres of tbe greatest industrial nations of tbe world at 
sixes and sevens it must be evident that tbe result would bo more 
discord instead of more uniformity. 

We find tbat tbe most ardent of the prometric party are those wbo 
have todeal with weights ratherthan with measures. The substitution 
of metric weights for English weights would create relatively tittle 
disturbance. Of course, the changing of all of our weighing scales 
would cost a huge sum, and the recalculation of scbedttles — such as 
railway rates — might come to something tike the ransom of an 
empire, but after these were done, we might get on pretty well. 

Personally, although I am strongly antimetric, I employ the 
metric system of weights in international statistics. Thus, in 
reporting the statistics of world's copper production, it is easier to- 
convert the American figures into metric tons than it is to convert. 
those of 20 other countries into pounds, although tbe American pro- 
duction may be 70 % of the total. Moreover, in laboratory work, 
I usG grammes nnd culiic centimetres, or liiloprQmiiii.'S and litres, 
both out of convenience and out of early habit in common with that 
of most chemists. By reason of such habit I visualize and sense 
the gramme better than I do the ounce, but when 1 pass to larger 
weights, tbe pound means more to me than does the kilogramme. 

Similarly, out of habit I think of temperatures according to the 
Fahrenheit scale up to the boiling point: there is then a range 
whereof I have no conception : but from red beat upward I think in 
terms of the Centigrade scale. Of such mental habits and their 
bearing upon the substitution of the metric system, which I regard 
as a matter of major importance, I shall say more before concluding 
this contribution. 
^ If weights and measures were employed merely as means of 
estimating and recording, there would be no great reasons why tbe 
metric system, or the Rviss^ian, should not be substituted for tha 
English, save for the cost of providing the new instruments and the 
slight experience necessary to become familiar with them. 

I happened to he operating a mine in Mexico in 1896 when th^ 
metric system was made compulsory there. Being law-abiding, vs^ 
discarded the weights of the airoha and the measures of tbe rara an<* 
the jnnega one evening and began with the kilogramme and the metri^ 
the nest morning. Not even were our simple jieones and pelaih'i-^ 
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flustered. What difference did it make to the carpenter whetfier he 
bought a kilogramme of nails or two pounds ? Or to the woman 
whether she bought a metre of cotton cloth, or a yard ? Nor did it 
make any difference to the company whether it figured its ore 
shipments in tons of 2000 lb., or of 1000 kg. 

It is such apparent simplicity of the change that is illusory and 
leads the metric advocates to proceed blithely with a programme into 
which they do not look deeply enough to see the consequences. 
They regard weights and measures simply as means of estimating 
and recording. They do not consider the thimfs that are tied up 
with them, or the knowledtje that is associated with them. 6y 
' things ' I mean the standards that have become interwoven in our 
civilization and industry, upon which indeed civilization and 
industry are based. 

Let me try to make my meaning clear by referring to land 
measure, a subject with which nearly everybody is familiar. In an 
onsurveyed country, like parts of Mexico, I can use a 100 m. 
tape as well as one of 100 ft., and can compute areas in sq. ni. 
as well as in sq. ft. But suppose I am in the United States where 
most of the land has already been surveyed in ft. and miles and 
figured in acres and square miles, and I am compelled to divide 
metrically a Government quarter- section, my troubles would 
-quickly begin. Anybody who has had to tie up with old surveys in 
New England, recorded in rods, chains, etc., knows what these 
would be. 

Let us consider the conditions that have been established in the 
railway business of the United States. The tracks are marked 
with mile posts. The railway gauge is 4 ft. SJ in. We might in 
course of time get in the habit of thmking of the latter as 1435 mm., 
but manifestly it would never be convenient to refer to the mile 
posts as being 1*60985 km. apart, and either we should have to 
•continue to think of miles, or else pull up the posts and replQ,nt 
them at km. intervals, which would be something of a job. 
Incidentally, our posting of highways would have to be revised, 
and the automobilist would mourn the day when metric legislation 
was enacted. 

Betuming to the railway business, it is well known that the 
passenger and freight schedules, which fill great volumes, are 
based on cents per mile and cents per 100 lb. The railways have 
complained over the great expense involved in making alterations 
for the purposes of the Interstate- Commerce Commission. What 
would it be if the entire fabric had to be torn apart and rewoven in 
order to please the advocates of the metric system ? 
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Consider what we do when we get a drawing of a French con- 
struction, let us say a metallurgical furnace, to build in this 
country. The first thing that has to be done is to redraw it, not 
for the reason that it is expressed in metric measurements, but 
for the reason that it calls for constituent parts of sizes that 
are not obtainable here. It is drawn in France so as to dovetail 
together all sorts of things that are standardized according to 
metric measures. In America we must use the things that we can 
get and they are standardized according to inches. 

Conversely in drawing something of American practice to be 
constructed in France, we draw it in our own way and tell them to 
redraw. It would be easy enough to draw here with metric scales ; 
indeed, in my own practice I put a metric scale on each sheet 
destined for a metric country ; but engineering drawing is some- 
thing dififerent from the mere use of scales. It is the combinatiou 
and representation of standard things, and we have to show our 
own, which we know ; not the French, which we do not know ; 
and let it be redrawn in France according to their standards that 
are nearest to ours. Any change of standards in either metric or 
non-metric countries is preposterous, unthinkable. We have all 
gone too far. Besides the colossal expense of substituting gauges 
the result could not be anything but a mixture. The man who 
needed some ^-in. bolts for the repair of his automobile would 
not relish the information that they were no longer made, but that 
he could have 10 mm. or 15 mm. bolts. 

But, say the metricists, * We do not intend to change the 
standards. We propose merely to call J-in. bolts 12-7 mm. bolts, 
and similarly with other standard manufactures, and this is so that 
people in Spanish and Portuguese countries, where we hope to 
expcuid our export trade, will understand what we are talking 
about.' There is no argument more childish than, this. Why not, 
therefore, discard the use of the term bolts and substitute the 
Spanish equivalent ? 

The manufacturer who is courting export trade in a Spanish 
country translates his catalogue into Spanish and converts his 
English measures into their metric equivalent. 

The Argentine or Chileiio has no difficulty in being made to 
understand if the British or American manufacturer wants his 
business. If it be a question of competing with German manu- 
facturers, they will make special sizes for that purpose, just as do 
foreign makers of automobile tyres who seek business in this 
oountry. Our tyre manufacturers would do the same if they 
iiranted competitive foreign business. Nobody has had U\^ 



sffronterjr to propose tbat the United States should ditcKril id 
staiidurd incb-siiiQtJ aaH substitute othere conforming to foreign 
practice. The million automobiliata would regard such a suggea- 
tioQ as a joke. 

lUustmtious of how we are tied to our Htandards may bo uiulll- 
plied endleiial}' to all inteuta and purposes, and this union ia not 
merely one afiecCing tbe manufacturer, but aUo i? it one that con- 
cerns all Dui' accumulated knowledge. Tho etiginei^r, for eKampIe, 
unless he be directly engaged in manufacturing, is not concerned 
with the matter of gauges, but bis accumulated knowtei)^ of 
physical coiiBtants, of the standards of maKirJal, of the unit* of 
work and of the cost of doing things constitute a large part of bis 
professional capital, including what is stored in his mind and what 
is stored in the thousands of hooks in his library. 

All of tbis h embodied in terms of English weights and 
measures. We have volumes of tables of figures devoted 10 the 
properties of structural steel. Similarly as to mechanics, hy- 
draulics, surveying, in brief all the branches of engineering. With 
the metric system these would be all but useless. Let us look at » 
relatively simple matter expressed metrically, viz., the computation 
of the products of combustion of cocl, a problem that is common 
to th,. iiiiitiilliirgical ttiyiiiper. I will translate from ToUc's 
' Regenerative-Gasofen ' on this subject. 

'I kg. of air = 778-39 litres; 12-71 kg. = 9829-79 litres. According 
to the Gay-Lussac law, 1 cub. m. air weighs at t°C aiid at a 
pressure p kg. per £q. m. ; 

, , . l-2S2pkg . 

lcub.m.a.r = j^^^-^— 

Assuming a mean temperature of 23-7° C. and a barometric 
pressure of 703 mm., the weight of a cub. m. of air is 1-101 kg., 
and 1 kg. of air=905-8 litres. 

IE 1 kg. of carbon bo burned in atmospheric air to carbon dioxide, 
there will result 3-G7 kg. CO, and 8-94 kg. N. The volumes will be 
S-67xll00O-^I-9S6) = 1867-6G3 litres of CO, and 8-94xC1000-^ 
l-254J)^7126-913 litres of N, a total of H994'576 litres of com- 
bustion products.' 

For the American and British engineer this might as well h« 
written in Latin. Indeed, the compulsory adoption of the metcV 
system would be no less preposterous than an edict that after ^ 
certain date all business in the United States-all buying ai=^ 
selling, iill engineering, all figuring— would be illegal unless done 
French. Either in French or in the metric system it would ^ 
possiblf to get along with the aid of the dictionary or conversic:^ 
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table and with constant use of pencil and a pad of paper. Imagine 
the motor-cycle policeman pausing in his chase of the automobilo 
speeder to compute whether he were breaking the speed limit in 
kilometres per hoar. 

This brings us to the psychology of weights and measures in our 
daily life. I have referred previously to how some people think 
metrically of certain things and non-metrically of others. Neither 
the locomotive engineer nor the automobilist has to look at his 
speedometer to tell approximately how fast he is going in miles per 
hour. He knows. But he would have to perform a mental calcula- 
tion to say it in kilometres. 

The association of things of observation and experience is indeed 
the reason why certain of our old English measures, long since 
discarded generally, linger in special use. Thus the sailor speaks 
still of knots and fathoms, for he thinks in them. The hand as a 
measure of length has disappeared from usage except in indicating the 
stature of horses. Tell a horseman that a colt is 62 in. high, 
or 5 ft. 2 in. high, and it means little or nothing to him. But say 
that it is 15^ hands high and he immediately visualizes it, mentally 
comparing it with other colts of that known height. 

Similarly does the chemist sense weights in grammes, while the 
apothecary does it in ounces. Such habits are not easily altered. 
Thus we find in France the use of ancient weights and measures, 
and the thinking in terms of them, lingering more than a century 
after the adoption of the metric system. 

Having pointed out the objections to the compulsory adoption of 
the metric system, I hope effectively, even if but generally, let us 
consider the arguments that are offered in favour of it. 

The prime argument is to have international uniformity. It is 
stated that a long list of the countries of the world have adopted 
the metric system, 07ily the United States, Great Britain and her 
Colonies, and Russia (of the Indo-European nations) having failed to 
do so. I have italicized the words only and Colonies, for therein is 
concealed the speciousness of this argument. If with * Colonies ' 
we equate Canada, Australia, New Zealand, Tasmania and South 
Africa, we have a longer list of non-metric countries, and it com- 
prises not only the most populous, but also the most industrial 
^nations of the world. 

A correct statement of this theorem would be : Considering the 
Xndo-Eoropean race alone, there is a much larger population that 
^oes not use the metric system than does ; and their nations arc far 
^Tiperior in industrial development, measured by iron production, let 

say, to all other nations combined. The foisting of the metric 
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cystetn npoo them would be, therefore, lihe letting the 
the dog. 

If uniformity be the objective, it would be better to institnte 
a propa.^'anda to induce Germany, Fraoce and the Latin countritf 
to adopt the English eystem. In this connection it may !»' 
remarked that, although Russia has a ByEtem different froin eithfr, 
the fundamental Russian meaaure of length, which is the mwl 
important of all measures, is the foot, and the Russian foot i^ the 
same as the English. 

Another arguiuont on the ground of uniformity relates to tbe 
confusion esisting in the English system owing to the difierent 
kinds of tons, pounds, gallons, etc. That there is such confuston, 
with its inherent dangers, is true ; but it is also true that the oon- 
fusion is much less now than it vas twenty years ago, that it n 
bound to experience further reduction, and that it may be eliminated 
entifiily in a way far easier than by the introduction of the metric 
system. 

In Great Britain there is but one kind of ton, viz., that o( 
2240 lb. In the United States, the EnRlish, or long, ton is 
employed to tar less extent than formerly, and in the main we have 
standardized the ton of 2000 lb. That we should have two 
pounds— the avoirdupois nnd the troj is annoying, b<it tho annoy- 
ance is now more academic than practical, for the troy pound is 
seldom used. Similarly have the differences among gallons, 
bushels, etc., lapsed in tbe main into innocuous desuetude. 

But with respect to confusion, the skirts of the metric system 
are not clean. As a statistician of nearly thirty years' esperience 
I may say that I have fallen into more errors over the zentnersand 
doppel-}:eatners of metric Germany, and the quintals and metric 
quintals of Chile, than I have over the pounds of England and 
America and the poods of Russia. 

The third metric argument is the ease of the calculations, 
especially the correlation among measures of length, volume and 
weight. It may freely be admitted that there is some merit in this, 
but further on I hope to show that the English system is not quite 
helpless in this respect ; and that tbe superior merit of the meiric 
system is far short of being a determining factor, quite apart from 
its calamitous effect in overthrowing existing standards ami 
upsetting the mode of thought of the people, which of course are 
the major considerations. 

We come now to the alleged advantage of the metric system in 
promoting foreign trade, a matter that J have previously touehen 
upon lightly in this paper. Listening to the metric advccatet'. 
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it might be imagined that Great Britain and the United States bad 
no export trade with foreign countries before the War, and that the 
only way for them to compete with Germany after the War is to 
adopt the metric system because Germany will offer goods made 
according to it. We of the United States look upon Russia, China 
and South America as the regions of the world with which to build 
up great trade after the War. We had large trade with them before 
the War, and so did Great Britain, in spite of non-compliance with 
the metric system. 

We hope and expect that after the War it will be greater. But 
in making it greater, we are encouraged to think that the funda- 
mental ideas are to ofifer them useful things, excellently made, 
through well-conducted agencies and by means of models and 
descriptions in their own languages, also dimensions with metric 
equivalents if they wish. And having interested them to the point 
of buying, we must extend to them the banking credits they need, 
and must pack the goods in such a way as will cause them to be 
delivered safely and will permit inland transportation by crude 
methods. 

In many of these respects Germany formerly excelled us, largely 
owing to our indifference in this trade, but successful competition 
with her in the future is going to be based upon such major points 
as I have mentioned, and not upon the very minor one of making 
goods according to metric measurements. Does any one imagine 
that Russia is not going to buy McCormick reapers and Ford auto- 
mobiles, that China is not going to buy American kerosene lamps 
and stoves, that South America is not going to buy Baldwin loco- 
motives, because they are built to sizes of the inch and multiples 
thereof ? 

IngersoU-Band rock drills are sold in every part of the world, 
and will continue so to be sold for the reason that they are good 
drills and the company pursues good business methods, including 
the maintenance of stores with repair parts at many centres. The 
Chilean, the Chinaman and everybody else is going to buy the 
rock-drill, the automobile and all other machines that he can most 
easily repair, original qualities being equal ; and he is going to be 
swayed by such common-sense reasons, not by metric dimensions. 

One other argument for the metric system is the alleged sim- 
plicity with which it can be acquired by schoolchildren. I do not 
believe that is so. Without having had any experience in school 
teaehingj it has nevertheless been my good fortune to observe and 
supervise a number of children during their passage through the 
grammar school. In mental quality they have been be\A.eT \,Vi^\i "Oc^^ 
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arera^. Without exceptiou they have had difficulty with the 
metric Bystcm. 

This bfts been partly due to the clumsy method of teaching it, 
the emphasis put upon learning a long list of strange o&moa like 
the millilitre, centiare, ducat'tere, etc-, which, of course, are not used 
in real life, even by metriciata. Bui there seemed lo be a d6r|»r 
reason, which ia not peculiar to the metric system, but pertains to- 
any decimal system, viz., the difficulty of the youthful mind in 
grasping the idea of decimal fractions. 

Vulgar fractious are comprehended more easily. This ought not 
to be BO, but apparently it is. I think it arises from the natural 
tendency of all of us first to divide an integer into halves. Suppose 
one has a stick that be wants to divide into equal parts and has no 
scale. He gauges the length with a string and doubles it, getting 
lialves : then he doubles it again and gets qunrters. He cannot gut 
thirds, or fifths, or tenths by any such simple method. Thehunian 
predilecliou toward the binary division probably dates back to ihi 
lime of the Cro-Magnon race and never will be eradicated. 

In drawing this long paper to a close, let me revert to the 
philosophy of weights and measures. All of uur systems, including 
the metric, are undergoing evolution, conforming to the require- 
ment?; and practice'! of i>eople, generally in the direction of sim- 
plicity. Most of the old English measures to which the melricista 
point with such scorn are obsolete. Nobody hears nowadays of the 
coomb, the pottle, the chaldron, the palm or the barleycorn. The 
perch, the puncheon, the span, the tierce and the toise are all but 
forgotten. Even the furlong, the gill and the rod are disappearing. 

But so also with the metric system. The noble hierarchies of 
measures beginning with the millilitre and running up to the 
myriolitre, that running from the are to the hectare and the other 
from the stere to the decastere have been forgotten. In weights we 
talk of tons, kilogrammes, grammes and milligrammes; in long 
measure of kilometres, centimetres and millimetres, in square 
measure of hectares, in volume of cubic metres, litres and cubic 
centimetres, and we neither use nor think of much else. 

Both in the use of the metric system and the English there are 
three well defined tendencies. These are to discard unnecessary 
units and multiples, to employ measures of weight instead of those 
of volume wherever possible; and where not possible to substitute 
cubic measures for special forms. The first of these tendencies 
requires no elaboration. The second is due to the desire to obtain 
a degree of precision in matters of retail trade that otherwise is 
impossible. The housewife cannot buy a peck or a litre of potatoes 
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and be sure of just what she is getting, but she can be when she 
buys in pounds or kilogrammes. 

Sometimes the use of the old measures is retained merelyas a manner 
of speaking. Thus the farmer talks about taking so many bushels 
of com to the mill. What he really does is to take the corn there, 
weigh it in pounds, divide by 66 and call the quotient bushels. He 
does not measure the com by volume at all. Some day he may 
forget to talk about bushels and will simply talk about pounds. 
Perhaps a reason why he continues to talk about bushels is that old 
records are expressed in such terms and he must continue to have 
such an expression for sake of comparison, which is only one other 
instance out of thousands of how in weights and measures the 
present is linked irrevocably with the past. 

But there are many cases where weighing cannot be substituted 
for measuring. The vendor of gasoline, for example, would find it 
very difficult to weigh whenever a motorist called. We buy apples 
by the barrel and milk by the quart because those measures are the 
most convenient. Nevertheless, there is a constant tendency to 
substitute cubic measures for the old ones. 

Thus our municipalities more and more sell us water by the cubic 
foot rather than by the gallon. This is because we visualize cubic 
measures better than anything else. The basis of all measures, 
using the term in distinction to weights, is the measure of length. 
Derived from it are the measures of area and of volume. 

There are not many people, other than those who have to use it 
habitually, who have even an approximate conception of what is a 
bushel ; but talk about the cubic foot and everybody can picture 
it, for everybody knows what a foot is. It is for the same reason 
•. that the metricist talks about cubic centimetres and not of luilli- 
litres ; of cubic metres not of steres. 

I trust that I have made it clear that my argument against the 
metric system is not inspired by blind prejudice against an innova- 
tion. On the contrary, I remember the time when I was in favour 
of its adoption in the United States, and it was not until I had 
studied the matter more carefully that I changed my mind about 
that. 

The metric system has many good points, chief of which is the 
correlation unong measures of length, area, volume and weight ; but 
if we remember that a cubic metre of water weighs a ton we iind no 
difficulty also in bearing in mind that 1 cub. ft. of water weighs 
very dose to 62*5 lb., or f cwt., and that 82 cub. ft* of water weigh 
one ion of 2000 lb. 

In hydrometallurgical work we tend to reckon water and eolvvtv^we. 
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by the ton rather than by the gallou ot- even the cubic foot, and 
some metallurgists have adopted the convcutiontbl fluid ten d 
82 onb. ft. Whether this be a wise innovatioti or uot I shall nol 
venture to say. The important point ia that in remembering the 
weight of a cubic foot of water, which is one of the constants that 
every engineer keeps in his luind, juBt as be does pi r*, it is just as 
easy to tie up with specific gravity iu estimating the weight of 
materials as it \s in tbe metric system. 

It is indeed far more convenient to British and American 
engineers, who do not care to know the weight in kilogramme? ol 
a ciibio metre of lumber for the purpose of computation, but do 
want to know tbe weight of a. cubic foot in pounds, inasmuch as 
railway schedules, tbe bearing power of soils, tbe strength of 
oohimna and all tbe engineering data that we possess are recorded 
in pounds. 

Nor do I claim the Knglish system to be perfect and C0Dse<]uently ' 
not to be touched. On tbe contrary, I have shown previously how J 
it has experienced evolution and certainly it ia capable of much | 
further improvement, which undoubtedly will come abont. What 1 
forms the improvements may take I shall not attempt to indicate I 
more than briefly. It seems to me that we shall see a reduction in 4 
the iiumlipr of units in common nae, say to a list corapri=ing the 
mile, the foot and the inch ; the ton, the pound and the ounce : 
the acre. 

For all other forms of square measure and for all forms of cubic 
measure, we may base on the foot. These few measures will be 
decimalized to a greater and still greater extent. The surveyor 
already uses the tape of 100 ft. and divides the feet Into tentfa^. 
The machinist decimalizes tbe inch. The architect reckons roof- 
ing, painting, etc., in ' squares' of 100 sq. ft. The water and g»s 
companies provide us with meters reading cubic feet and tenths 
thereof. 

I hope to see the day when our legislatures will cease muddli'V>% 
over the size of barrels and let each industry adopt what suits ''' 
best, subject only to the requirement that its capacity in cubic :f *^"' 
and decimals thereof shall be marked upon it. We should lika!*=-. 
see Great Britain adopt the ton of 2000 lb. and decimalize her cc^*^^^ 
age on the basis of the pound sterling. Not to ask Great Brit*- ''' 
alone to give way, let us adopt her gallon of 10 lb. of water, if gal!l- -* 
we must continue to use, as no doubt we shall have to for a lix::^^^^ 
time jot. Let both Great Britain and the United States abolisb • 
troy pound. 

In conclusion, I desire to make it quite clear that my argume* ^ 
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in this paper are not directed against the metric system, but rather 
against the propaganda for the cnmpulsaty adoption of it. The 
metric system is already legal in the United States, has been for 
many years. Anybody is free to use it who wants to, and contracts 
expressed in its terms are perfectly good contracts. The aeronautical 
engineers dealing with a new art, which has no links with the past, 
could reasonably adopt the metric system and have done so. 

The Nordberg Manufacturing Co. builds Diesel engines by this 
S3rstem, and the IngersoU Rand Co. so builds Bateau turbines. 
But let it not be forgotten that even in Germany an inch-rod is still 
an inch-rod, no matter what it may be called in millimetres. 



*^* Extra Copies of this paper may be obtained, at a nominal chanje^ 
at the Offices of the Institution, 2, Finsbury Circus, London, E.C, 2. 
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DISCUSSION 

ON 

Shall Great Britain and America adopt the Metric 

System ? • 

By Walter Benton Ingalls, Member, 

The President thought that Mr. Ingalls* paper would be 
ound extremely interesting and would undoubtedly give more than 
isual opportunities for discussion. He would remind the members 
hat the metric system was not the only decimal system. 

He then called on Mr. Sulman to introduce the paper. 

Mr. H. L. Sulman said he had the honour to open a debate 
»f exceptional importance, but regretted that he could not approach 
he subject with impartiality, or start the discussion upon an even 
ceel, as his opinions were already strongly polarized ; he was in 
omplete sympathy with the author in protesting against the 
.ttempt to foist the Metric System of weights and measures upon 
he mining, metallurgical, and other industries of English-speaking 
»eople. 

He had been Chairman of the 'Weights and Measures Com- 
dittee ' of the Institution of Mining and Metallurgy, which for 
everal months during 1906/07 was engaged in standardizing the 
oining and metallurgical measures employed throughout the 
British Dominions; as one result of its work that Committee 
oand itself unable to recommend the adoption of the Metric 
System, this question having been specifically referred to the 
3ommittee for consideration. 



It had been circulated to all memWrs so far as they COoM bs 
reached by post, in the termB : ' Do you consider that the geaent 
adoption of the Metric System of weights and mciisut-es -would bt' 
feasible in mining and metallurgical work, or vould this in youi 
opinion lead to undue dislocation ? ' ; 2S8 answers were received 
which were almost evenly balanced — viz., for the adoption, 1S3;- 
against adoption, 130; undetei'mined, 20 — no reconmiendation 
could therefore be made. 

He might say he entered upon the investigation strongly 
favouring the Metric System, and believed this to have been the 
case also with most of his colleagues ; tbciy also had the advantage^ 
oo two or three occasions, of the light and leading of the Secretuy 
of the Decimal Association, an ofhcial advocate of the Metrit 
System; therefore they commenced not only with a predilection 
towards it, but had expert advice to shape their opinions. Never- 
theless, the result was that ihey became convinced that the intro- 
duction of the Metric System would cause chaos for years, and 
would thus be disastrous to the industry it was their duty t« aid. 
Had the 133 members who voted in favour of adoption been able to 
have the samy data before (hem, he thought their number would 
have been materially reduced. 

Thuy wure mainly coiicei-neil with the industries of Mining and 
Metallurgy, and it would be difBciilt to choose an authority more 
competent to deal with the incidence of the Metric System on these 
than Mr. Ingalls, whose worii in the collation of statistics of the 
metalliferous mines and markets of the world was unique; if 
anyone had had the opportunity of appreciating the strong pointa 
of the Metric System, surely it was the author. That he had so 
completely decided against its compulsory adoption was as strong 
an argument of experience as he (the speaker) could desire. 

He would leave the practical engineers present to indicate what 
was likely to be the dislocation involved in time, effort, and monej, 
and the scrapping of perhaps millions of pounds' worth of plant, 
and what were the advantages to bo gained, by changing over from 
the units now used throughout the British Empire to those of the 
Latin, und of the Central Powers of the Continent. It was curious 
to recall that here, on ' Empire Day,' they were engaged in dis- 
cussing a proposal to iiliandou standards of British origin and of 
worldwide employment, to reject modifieations which would briut; 
IIS more closely into line with our self -governing Dominions Bod 
willi the Tnited States of America, and to substitute therefor a 
matheiimtical Utopia, of limited industrial sco[x;, and to taken 
deci.-iioii which would rejoice our enemiea in regard to their ntttr- 
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trade. Surely this, as the author said, was the ' tail wagging 
dog ' with a vengeance ! 

I he spoke in generalities which might appear threadhare, he at 
t performed a service in thus clearing the ground for later 
ikers; further, the value of generalities was sometimes over- 
lounted. No one was so stupid as to quarrel with a proposal for 
decimalization of units within due limits ; what they opposed 

change of the units to he decimalized. They were asked to 
) up the hasic units of foot and lb. for the m^tre and kilo- 
nme, but the latter were only pseudo- scientific substitutes ; the 
re itself was based upon an erroneously measured fraction of 
^rth- quadrant, and had no more absolute scientific value than 
other empirical unit. It certainly had not the sanction of such 
curies of usage as had the former, nor to the extent to which 
7 had become part of our senses and automatic perceptions in 
Alizing weights and measures. 

he advocates of the Metric System adopted the attitude that 
^lish- speaking countries used non- decimal weights and measures 
ch were chaotic in number and subdivision ; that these re- 
ed years to learn, and were at best but a tangle of obsolete 
irdities. They instanced^the dual use of Troy and Avoirdupois 
ght for the same ore ; and paraded the scruple and drachm, 
pint and pottle, the bushel, hogshead, and acre, for derision, 
^ing them to have little or no correlation, and therefore to 
le a vast aggregate of human energy in the simple conversions 
reights into volumes, and so on. Their view was that if we 
led to decimalize, simplify, and render uniform our system of 
^hts and measures, the only plan was to throw the whole lot 
board, lock, stock and barrel, our only true salvation being 
Sdetric System ; that we were bound to adopt the gramme and 
m^tre because the ton, the lb., the mile, the foot and the 
)n were hopeless to decimalize. These arguments were as 
iswerable as that the cure for corns is amputation of the leg. 
16 agitation to abandon our present standards and supersede 
1 by the Metric System appeared to lack perspective. It was 
lobby of the pure scientist who, from experience of its unques- 
)d convenience in the laboratory, and its general adoption for 
3ssing physical constants, betrayed impatience that national 
industrial conditions should lag behind his laboratory practice 
mathematical ideals. He appeared unable, or unwilling, to 
ze the vast dislocation of effort and material entailed by what 
)garded as a comparatively simple and easy change. Indicate 
m the millions of expenditure and the ' time-lag * this would 



involve and ho would cheerfully reply, ' Yes, perhaps two or tbrw 
days of our present war expenditure ' ; and 'In but a few years,! 
generation at moat, everybody will think metrically." This lack o£ 
tolerance seemed characteristic of the system, which tended to tiini 
philosophers into fanatics, who, when engineers pointed out itul 
the (acts of their vast industries were against such wholesale simpli- 
fication, exclaimed, ' Then so much the worse for the facte! " 

But the incursions of the pure mathematician into coraplH 
manufacturing technics, such as our own, were not always attended 
by our complete enlightenment. They would recall that he had 
proposed to quantify the efficiency of the stamp and the tnbe-min, 
the roll, and the Chilian milt by hypothetical units based upon 
Kick's law, itself a high-and-dry mathematical conception npphc 
able only to a strictly homogeneous substance, whilst the whole of 
our crushing practice depended upon the precisely contrary require- 
ment, namely, success in separating the constituents of a heten- 
geneous mass. So also with the grading of the crushed products; 
here mathematicians had sought to lead them into complex seria- 
tions of aperture- width founded on mathematical ideals difficult of 
realization, practically meaningless if realized, and involving cod- 
ditions of accuracy far beyond the limiting facts of the case. Whilst 
Science hod been defined as ' measurement ' it bad been more aptlj 
described as 'organized Commonsensc,' and insistence on matht- 
matical perfection when this would lead to disorder in other 
respects was less science than pedagogy. 

A fact sometimes in danger of being missed, was that the Metric 
System bad no exclusive freehold right to decimals ; it w^ open to 
them to realize many of the advantages which the Metric Syslem 
loudly proclaimed as its own, by decimalizing their standards, so 
far as desirable, without inviting the chaos for a generation, Uid 
the untold expenditure, involved by a change of unit. 

Several desirable simplifications were quite easy of adoptioD. 
Mr. lugalls in one of the latter paragraphs of his paper said, ' I hope 
to see the day when our legislatures will cease muddling over the 
size of barrels and let each industry adopt what suits it best, 
subject only to the requirement that its capacity in cubic feet and 
decimals thereof shall be marked upon it. We should like to see 
Great Britain adopt the ton of 2000 lb. and decimalize her coinage 
on the basis of the pound sterling. Not to ask Great Britain alone 
to give way, let us adopt her gallon of 10 lb. of water, if gallon "^ 
must continue to use, as no doubt we shall have to for a long tioi^ 
yet. Let both Great Britain and the United States abolish the 
Troy pound.' 
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at was written in 1917. In 1907 the Institution of Mining and 
llurgy circulated the following recommendation to its mem- 
dp throughout the Empire : * The word ** ton ** shall represent 
ight of 2000 lb. Avoirdupois * ; followed by the note : ' It is 
able to abandon the use of the terms ** hundredweights '* and 
rters *' and to express fractions of ton in pounds or decimals of 
.* The next recommendation was that * the word ** gallon ** 
represent an Imperial gallon of 10 lb. of water.* 

a further recommendation which, whilst not advising the 
ionment of the Troy ounce, recognized the desirability of a 
ler relationship between weight and value, it was stated 
: ' The gold contents of ores, determined by assay, shall be 
issed in money values as well as weights.* This was a tenta- 
}tep towards simplification, the value of the Troy ounce of gold 
1^ taken as 85^. sterling, which incidentally meant that the 
uyweight * of gold was the dollar, within a minute fraction, 
was gratifying to see that what the Institution advised in 1907 
uthor of the paper now ably and eloquently confirmed, 
it as to values, chaos in units still persisted between the 
ric' countries themselves, and the franc, mark, lire, and 
a still required translation from one to the other. On the 
r hand, as had oftentimes been pointed out, English-speaking 
les had a much wider basis for uniformity of currency in the 
r, i.e. the 100 cents or half-pennies ; the cent was of the 
I value throughout the world, whether in England, the United 
)S, Canada, Australia, New Zealand, South Africa, etc. If it 
9ired safe, therefore, to prophesy that the dollar would never 
iperseded by the mark or the franc, it was not unreasonable to 

that the pound would in the future continue to be just as 
ly employed. 

le Metric System, apart from the laboratory, was certainly of 
) as a species of * Esperanto * in weights and measures, offering 
ivenient method for translating units of mensuration of one 
try into those of another ; but it was to be hoped that for us 
ompulsory adoption was as far distant as the compulsory 
itution of Esperanto or Yolapuk for the English language. 
en Decimalization was not a synonym for Salvation. The 
ce of mathematics, with its provinces of decimals, duodecimals, 
even our very system of numeration, were after all merely 
m creations, and (like all such conceptions) had a strictly 
tionary history ; there was nothing of the nature of ' Revealed 
[i* about them. Our numeration was decimal of course 
ise of Man's possession of ten fingers. Had he evolved «. 
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ail-digit hand we should doubtless have inbertted a duod»riiiuJ 
scale of notation, and it would have been as difficult to think is 
decimals as in septimala; a position which might not bare l>e«ii 
without its advantages. Y?t before he could conot up to te», mui 
began to think in ' twos ' and ' threes.' It did not follow, even yel, 
that our numerical conceptions were more readily grasped if 
exproased as dcciajab. The ordinnry man visualized the simpler 
fractions, the quarter, eighth, sixteenth, etc., much mace easily 
than their decimal equivalents : we were not all professors, and for 
most these proportions were easier than 025 or 0-12.<?, (H)625, M 
say nothing of the ponderous mess that decimols make of ' thirds' 
and ' sixths.' 

Any rational system of multiples or divisions would employ the 
duodecimal as well as the decimal ; it was obviously advantageous 
to have a system of measures capable of division by 2, 3. 4. and G, 
rather than by 5 or 10 alont, and according to which simple 
fractions like thii'ds, and even S2nds and Slths, would not run into 
expression a as long as one's arm. 

One frequently beard the Metric System extolled for the extreme 
simplicity of its calculations; apparently in moat cases all that 
was required was to take a unit or two with a few noughts behind 
it, and divide or multiply h by another unit, with a tail of notighls, 
then to lake away the number of noughts first thought of, and the 
result was obvious at a glance. But occasionally the difficulty vtn 
to decide where that 'damned dot' (as Lord Randolph Churchill 
expressed it) came in, and a small mistake of a hundred or thousand 
per cent, could readily be made by the verj- ' simplicity " of the 
operation. Though of course not a serious argument, this cun- 
tained a percentage of truth which some would secretly acknow- 
ledge. 

Having now occupied their attention for what the late Sir 
Frederick Bramwell once called 'point S38, etc., of an hour' he 
would leave the question to its closer debate. 

The President said he would call upon Mr. Harry AUcoek, 
the author of a most valuable lecture delivered recently before 
several kindred Institutions, to open the discussion against the 
arguments tised by the author. Mr. Allcock had kindly come down 
specially from Manchester to favour them with his views. 

Mr, Harry Allcook said that before dealing with the contents 
of tbo paper he would like to say that he was the victim of two 
disappointments. In the first place he had hoped to be able to join 
with the members in welcoming Mr. Ingalls to a meeting of British 
mining engineers. Mr. Ingalls was a gentleman of very consider- 
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able eminence and attainments in America, and it was accordingly 
all the more to be regretted by many of those present that, in his 
capacity as President of the American Institute of Weights and 
Measures, he had accepted a broom with which he apparently hoped 
to stem the metric tide. The metric tide was approaching the full, 
and it would be very much to be deplored if a gentleman of Mr. 
Ingalls' parts were to be swept off his feet by that tide. Again, be 
had wanted to meet Mr. Ingalls so that he might have the benefit 
of one of those after-meeting conversations with him over their 
coffee, which were frequently so very much more interesting because 
all formalities were broken down, and to hear from him what his 
objections really were, because to his mind none of those advanced 
in the paper was insuperable. , 

Then he had had a further disappointment, in that owing to an 
unfortunate misdirection he had been unable to reach the meeting 
in time to hear the first part of the remarks of the gentleman who 
had opened the discussion in Mr. Ingalls* unavoidable absence. 
With his permission, he would therefore leave that gentleman's 
remarks to be dealt with by subsequent speakers, and would devote 
himself to the arguments advanced in Mr. Ingalls' paper, a copy 
of which the Secretary had been kind enough to send him. 

Reviewing those arguments one found several admissions which, 
when followed to their logical conclusion, provided striking testi- 
mony in favour of the reforms which the author had set out to 
oppose. For instance, although America and the United Kingdom 
were claimed to be strong adherents of what was honoured by the 
name of the Imperial System (?) of Weights and Measures, they 
had the author's admissions, in his Introductory Note and else- 
where in his paper, that the application and practice of that so- 
called system differed in those two countries. 

When they added to that the statement made by the late Sir 
William Preece in 1908 that we employed 154 different units of 
length, and the further fact quoted in the House of Commons by 
Sir Henry Norman in 1907 that we employed 200 different weights 
and measures in the British corn trade alone, one could quite 
appreciate the author's further admission that reform was urgently 
necessary. 

Now along what lines should such reform be attempted ? The 
author said on p. 1, ' The advantages of the decimal system are 
manifest,' and on p. 2 he said * The idea of establishing uniformity 
is in itself alluring.' 

They must all admit that our adoption of the Metric System 
would secure for us both these advantages, in addition to others 



inoidoDtal to that system. On iJie other hand, if we followed tba 
outbor'n ailvic« anO decimalized our existiug anils of weights and 
measures we should theroby accept all such diflacxUties sa weie 
incidental to any change, and in the end find ourselves in tbs 
pouae^ision of an inherently bad eyetem bocauee of the absence of 
correlation between our units of leugth, weight, volume and area. 

On that question he might perhaps refer to the recommendatiou 
of a SolKt Committee of the House of Commons so long afo u 
1662, which reported Id these words: ' II would involve almost u 
much difficulty to create a separate decimal system of our own aB 
•Imply to ailiiiit the Metric System io common with other nations. 
And if we did so create a national system, we would, in all likeli- 
hood, have to change it again in a few years, as the commerce sod 
iotaroourse belwecu nations increased, into an int«niationH] one.' 

That was fifty-live years ago, and if the Committee of the Houbi 
of CotninuDM, with tho iofomuitioii then available, anticipated tha 
possihilttirfl of a further ehaoge when the volume of InterDationil 
trade had developed saffioiMiUy, what would they have said unds 
Ui« pneeut conditions of ttDormously increased international trade, 
fend what thurefore ought we to say on the same problem ? It moat . 
also be recognit«d that if we proceeded along tbe alluring path of' ' 
J.:cin!;i!;.!\i;: Ibf pmiud, the gallon and the yanl and so forth, we 
should remain as far off as ever from the ideal of uniformity with 
other nations. 

Before leaving the question of correlation between units he would 
like again to refer to the paper. The author said on p. 8 in regard 
to correltitiou : - It may freely be admitted that thar« is some merit 
in this,' ami again on p. 1 1 : ^ The metric system has many good 
piiiuts. chief of which is the correlation among measures of length, 
art-a, volume ami weight." 

Ou the question of uniformity the author suggested — he could 
no: ihiuk seriously— that if uniformity was so desirable, why did 
we not go into the metric countries and ask them Io accept the 
English u!'.i!s ? Well, metric advocates realized some of the 
didicuhu'S of l>r;u--iag iibou: auy change even when they had on 
iheit s:>.U- ii!l the arguments, all the scieatiSc structure of the 
Mc:r:c Sys:e'ji. and every advacL'td view in sciecci; acd icdastry. 
If :ht:y reaii^^td ;he di£i."tit;y, wha: wyula the poor fellow do who 
went into a iiiernc ocuntry to urge their adoptior. of oi.ir i:haoiic 
and cumc>;rsoi:;e juuiulc oi cables which we chost lo call a system? 
He was s'lrt rhcv woli'.lI all agrei* :hat such propc^aU would be met 
with riiicile, ant ciiicule wouKi break the hearts of any such 
missionaries — d indeed such could be found. 
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Then it must be remombered that if uniformity was desirable- 



and he thought in these days everyone was prepared to admit that 
it was — it must come down ultimately to the choice of either the 
Imperial System or the Metric System. No intermediate course 
was now possible. 

Let them also remember that whether we would or not we must 
use the Metric System to an ever-increasing extent in this country 
because of our trade with other countries. On the other hand 
there was no compulsion for us to perpetuate the two systems, 
which we had been doing for many years past. He supposed that 
most of those present, either in science or industry or export trade, 
had had to work partly in the Metric System and partly in the 
English system, and they would have to continue to work in the 
two systems until they chose to abandon the less efficient. When 
one put it in that light he thought they would all agree that the 
English system was the less efficient and that sooner or later it 
must go. If it must go sooner or later, then the sooner the better 
in point of difficulties to be overcome. 

In the existing postal system he supposed we had one of the best 
instances of world-wide international trade, and it was significant 
that when faced with the necessity of providing schedules of 
charges for the interchange of mail matter between the different 
nations of the world it was found necessary to adopt the Metric 
System as their basis. They had found that out over fifty years ago. 

On this point he would read a single paragraph from a very 
excellent book on the * Evolution of the Metric System ' (by 
Messrs. Hallock & Wade, two American gentlemen), which was 
published in 1906 : * The interchange of mail by all the civilized 
countries of the world represents the most extensive use of a 
uniform system of weights and measures in the world, and has 
been carried on for many years without the slightest confusion or 
embarrassment. All mail matter transported between the United 
States and the fifty or more nations, signatories of the Inter- 
national Postal Convention, including the United States and Great 
Britain even, is weighed and paid for entirely by metric weight.' 

There was another aspect of the subject which he would like 
members of the Institution to consider, viz., that the Metric 
System had been accepted as the international language of 
quantity by the scientists of the world, including our own and 
those of America. This meant that the scientists of America and 
the United Kingdom calculated and experimented in the Metric 
System and the manufacturers in these countries adhered to the 
old Imperial system. That being so, surely it was m omt \ii\>^T^^\» 
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lo bnftk down the artificial barrier which at present stood bBtween | 
th« tici«nttst in his laboratory and the itidiistri&list in bis workebo|). 
H iTOiild ccrtaioly be an advantage that these two classes of btsin 
nbould be in as cloHe contnct as posi^ible. 

Tboru hud been many exhortations and he might ahnoiit say 
warniii)^ on the part o( the Government and others since the War 
b»cl broken out that a closer intimacy of contact between these two 
intvrilependent sections ot the community was nec«ssary for the 
(titun) welfare of this conutry. Let us make it easy for them to ■ 
oo-operate and, by our adoption of the Metric System, provide one 
l&nguage of quantity for use throughout the world. 

It was noteworthy that the author admitted be found the Metric 
System exceedingly useful in laboratorj' work, whore he would not 
think of using any other system. Why admire the principles nnd 
value the utilities of the Metric System in laboratory work, and yet 
at the same time say, ' Let ne maintaio '^tor ever, presumably— 
' the English system in our workshops.' 

Anotbt^r point was that bo thought the author laid too morh 
stcess on the value of what he described as the accumulated know- 
Udge stored in the library of an engineer. The engineering industry 
-and one might almost 3iiy nil technical industries — continuf'd 
to advance so rapidly that they all knew — many of them to their 
cost — that the literature which was standard even a few years ago 
was now quite out o( date ; it was obsolete, it described a practice 
which was no longer followed : and he thought, on consideration, 
it would be found that the value of such accumulated knowledge 
as is expressed in English weights and measures was not so great 
as the author would have them believe. 

It was a sign of the times that many technical societies, 
engineering institutions, and technical juurnals had already adopted 
Iho practice of placing the metric equivalents alongside all English 
dimensions. It was an admission that data which they hoped 
would be of permanent use must be expressed in the Metric 
Syntom, as olberwise they could not survive more than a few years. 

On tho question of education, the author had rather surprised 
him liy ."iiying that the scholnrs with whom he had come in contact 
hail bad the greatest difficulty in learning the Metric System. 
'I'lirrii wiis surely something wrong about that statement. That 
Hiui mil' "f the things he bad wanted to discuss with the author, 
I Ik l.lniught lie must have meant that some scholars rather disliked 
lhi> cmiVMr*!!'!! tabli'.-i they had to learn. They did not learn merely 
tliii Mi'tnc System: they learnt that one m^tre equals 89-37 in. 
lijiil.i'ail of oiin iiieti-e etjuals 100 centimetres, and it was theS9-S7 in. 
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part of the table which terrified them, and not the 100 centimetres. 
In other words, it was a mixture of the systems which appalled them 
and not the Metric System itself. 

On the question of interference with standards, the author 
apparently held the view that all existing standards were sacred. 
Standards were good and valuable, it was true, but it was wrong 
to assume that the standard of to-day was likely to be the standard 
of next year. For instance, our Engineering Standards Committee 
in their current annual report, recognizing the mutability of 
standards, had published this sentence : 

Revision of reports. Reports have already been issued on many of the 
subjects referred to above, but it has always been recognized, from the 
inception of the movement, that, to avoid stereotyping present practice, 
revisions will from time to time be necessary. To meet this, the Main 
Committee has made a ruling that each Sectional Connnittee shall be 
afforded an opportunity of meeting at least once a year to consider 
wliether any revisions in the Specifications and Reports drafted by it are 
desirable. 

He would very much like to have the author's revised opinion 
upon the sacredness of standards after his consideration of that 
paragraph. 

Then in regard to the ' practical man ' argument, the taunt wan 
thrown out against metric advocates that they were all scientists 
or dreamers or idealists and, in fact, anything but 'practical men.' 
If to be a practical man meant merely to be the * homy-handed 
son of toil,' perhaps some of the metric advocates were not practical 
men; but if that designation included engineers of proved ex- 
perience then he thought it must be admitted that many such 
practical men had long since realized the advantages of the 
Metric System. 

For instance, only a few months ago — to quote a case in the 
author's own country — there was a symposium in New York of all 
the principal engineering institutions to consider the question of 
the Metric System, and be was informed they all, with the single 
exception of the representatives of the mechanical engineers, were 
in favour of the Metric System. Now, wherein did mechanical 
engineering differ, for instance, from electrical engineering to-day ? 
Electrical engineers throughout the world were in favour of the 
Metric System, and it must be admitted that the electrical engineer, 
with his 20,000 kilowatt generators, and so forth, had to solve big 
mechanical engineering problems just the same as if he were 
designing and making steam engines. The modem electrical 
engineer must, of necessity, be a sound mechanical engineer. 
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Operations were of the e&me gontral character to-day in electrical 
engineering workshops as in mecfannical engineering workshops, bd 
that i( electrical engineers said : ' We deeire the adoption of itM 
Metric System and would welcome it,' nby did not mecbanicil 
vnginears say the same thing? 

The answer presumably was that the electrical iodugtry wae > 
modern industry, going buck ouly abuut thirty years, and that &! 
the outset, recognizing the advantages of tbe Metric System, \l had 
adopted it as the best Bveteni available. If tbe Metric System hod 
been available when mechanical engineers commenced tbeir opera- 
tions a century or so ago, be thought there was no doubt whatever 
that they also would have been metric advocates. 

Many people feared that if au Act were passed to render the use 
of the Metric System compulsory instead of permissive, they woidd 
forthwith have to scrap all tbeir valuable stocks of patterns, tools, 
jigs, gauges and the like. Such was certainly not intended, and 
such would not be tbe case, as was evident from tbe clause which 
was incorporated in the draft Metric Bill which was now being 
prepared by the Associated Chambers of Commerce on tbe lines 
of the instructions they had received from about 100 Chambers 
throughout the country. This draft Hill included ibis clause: 
• Provided that iiothin- in tlii:^ Act sbnll (n) affect tbe msniifactTire 
or use of any machinery, tool, pattern, sieve, template, or other 
ttrtiele made by measures other than metric measures.' The 
passing of an Act on that basis would thus mean that while they 
would all he required to buy and sell in metric quantities, they 
would be at liberty to continue the use of existing weights and 
measures for manufacturing purposes until such time as they them- 
selves chose to amend tbcm. 

No doubt manufacturers under the compulsion of selling tbeir 
goods on the metric basis would, in couise of time and at their 
own convenience, arrange to manufacture such goods to metric 
dimensions, but it was important to note that the above provision 
would have the effect of allowing each manufacturer to fix the 
length of his own transition period, and in that way unnecessary 
hardship would be avoided. 

Engineers, for instance, knew that in the normal course of 
development of tbeir industry the existing patterns at any given 
date became either worn out or obsolete in design within a fairly 
limited period. Surely it would be possible under that provision 
to continue those patterns in use for manufacturing purposes as 
long as they were commercially useful, and when it was necessary, 
t'ither from development or because they were worn out, to replace 
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them, then they could be replaced by new ones based on the Metric 
System. There should be no particular hardship in that. 

There was, however, a bigger question — the bigger national 
aspect of the question to-day. Everyone knew that in order to pay 
off the huge War debt we were now accumulating it would be 
necessary for us, after the War, to export enormously increased 
quantities of all kinds of British manufactured goods, and it was 
therefore our duty to examine, and if sound to adopt, every 
proposal put forward which would be even likely to assist our 
export trade. 

Now, what had happened in the past in this connection? For 
years past we had turned a deaf ear to the entreaties of our Consuls 
and our commercial representatives abroad. Whoever had been 
abroad knew as well as he did that for years the peoples overseas 
had said to England : * If you want to increase your trade with us 
you must reform your systems of coinage, weights and measures, 
and make it easy for your potential customers to come to you/ 
On that ground alone the Metric System had a most powerful 
claim upon us. Before he left that point he would like to urge 
that in contemplating such disturbance as the adoption of the 
Metric System would bring in its train, let us not regard it as 
something nauseous which would always be a trouble to us. When 
it was done we should ourselves reap the benefits and our children 
would be rid of the hampering influences under which we now suffer. 

He would like to say a word or two in regard to the positions of 
America and the United Kingdom. It was frequently urged that 
so long as such nations as the British Empire and the United 
States stood aloof there was not much hope of the Metric System 
being universally adopted. Why had not America adopted the 
Metric System in the past ? He submitted it was primarily because 
the demand for her goods was essentially a domestic demand. Until 
quite recently they all knew that America had relatively no export 
trade. But as soon as she tackled the export problem she 
immediately set up the agitation: * Oh, we must have the Metric 
System if we are going to make a bid for the South American trade 
and that of the other metric countries.' As soon as they set out 
to become exporters they appreciated the benefits of the Metric 
System. Now, our country was essentially an exporting nation ; 
we must export or we could not live ; therefore the arguments in 
favour of Great Britain being the first to make the change were in 
his opinion overwhelming. If we made the change in our own 
interests America would certainly follow and we should have truo 
uniformity. 



Tho closing note of the author's paper savB: "In cooclasion, I 
desire to make it iiuito olear that my arguinents in this paper are 
not directed against the Metric Syfitem, but rather against tbe 
propaganda for the compulsory adoption of it.' He had dealt vsry 
fully with that point in the Lecture to which the President had 
done him the honour to refer, and he would read one paragraph ■- 

' A lavourito argumeDt iigoinst ouv compulBorj adoption of the Meliie 
System is tbal by mei-Bly prolonging the pi-esent permisBiTe ase nf 
the Metric Sy^item side by aide with our exiating British Imperial lysWtu 
the better Byetem would ultimately sun-ivp, A similar argument is put 
forth to the effect that those who desire the introduction of the Metre 
System should lead the way by conJuoting their own bnsinesi solely in 
that system. I submit that any such voluutary piecemeal adoptioo 
Cimnot bo expected, as the pioneers would thereby peniilize tbeniMUn 
by ihi'owiug thomBelves out nf touch with their neighboui-s. The position 
U analogous to that of the Daylight Saving reform. No benefit could hv 
derived from that reform imtil it was made compulsory, for bad aiiy 
unthusiiiBt adopted the prhiciplo before its genera! adoption he would 
have found himself at his office or works (say) an horn' before he conid 
communicate with bis clients, and wheu, at the end of the day his clients 
desired to communicate vi'itli him, they would have found he had already 
gone ho:ne, having completed his day's work.' 

The advocates of that reform preached in vain for year? the 
benefits of it. Either from apathy or sluggishness, even those 
who did not oppose it did not ask for it, and we should have gone 
without it altogether had it not been for the intervention of the 
War, which forced us to realize its many advantages, and we all 
now said : ' Why didn't we adopt it years ago ? ' Why not, there- 
fore, now throw off the shackles by which we were bound in the 
matter of weights and measures? The superiority of the Metric 
System had been demonstrated over and over again. 

In conclusion, let them bear in mind the words of the Bt. Eon. 
A. J. Balfour, M.P., who, replying to a deputation in 1895, said : 
' Upon the merits of the case I think there can be no doubt what- 
ever that the judgment of the whole civilized world, not excluding 
countries which still adhere to the antiquated systems under whieb 
we suffer, has long decided that the Metric System is the only 
rational system.' 

The War hail quickened in them all a livelier appreciation of the 
defects in their national equipment and now— while public opinioO 
was in a plastic condition^was the time lo give effect to the over — 
due rtforms which the author apparently desired to oppose. 

The President requested the Secretary to read the following 
letter from Mr. Edwahu Hooi'er : 
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Would you please express to the President my regret that I find 
myself unable to be present to-night at the discussion of the paper 
bj W. B. Ingalls on the Metric System, owing to an unexpected 
call for police duty. 

It was my intention to support as far as possible the arguments 
so ably set out by Mr. Ingalls, although I am afraid there is but 
little that one can add to what has been said and written by so 
many writers during the past 10 or 12 years against the com- 
pulsory adoption of the Metric System in Great Britain and the 
United States. 

There is one point, however, that should perhaps be emphasized. 
In France, after various enactments, a Bill or * projet ' was passed 
in July, 1837, which came into force on 1st January, 1840, whereby 
the possession of weights and measures other than those of the 
Metric System was made a penal offence ; further, the use of any of 
the old names of units was forbidden. Yet in 1906, or nearly 70 
years later, the French Minister of Commerce felt himself obliged 
to issue a circular to the various French Chambers of Commerce 
requesting them to use their influence upon merchants and their 
customers to induce them to abandon their use of the forbidden 
weights and measures. 

Moreover, the Metric System was legalized in U.S.A. in May, 
1866, but we do not find that it has been adopted to any great 
extent. 

I altogether fail to see how the Mining and Metallurgical 
Industries would be greatly benefited by the compulsory adoption 
of the Metric System, but I do plainly recognize that manufacturers 
of the goods which are used by these industries would be put to an 
enormous expenditure, and that a large part of this expenditure 
would have to be borne by the industries which are represented by 
the Institution. 

Prof. Henry Louis said he was very pleased to have an oppor- 
tunity of being present and taking part in the discussion. It was 
a subject which had been before him for a great many years and 
he had taken a great deal of interest in it. It was perhaps fair to 
say at the outset that all his predilections were in favour of the 
Metric System to begin with. He, like the author of the paper, 
could visualize the gramme better than the grain, the litre better 
than the gallon, and even the kilometre better than the mile. Like 
all scientific men he had had to work with the Metric System. He 
had also had a great deal of work to do on the Continent of Europe 
and in countries using the Metric System, and had constantly 
to use it himself in surveying, and in taking out quantities and so 



forth. Nevertheless he h&d t^uite come to ihe viev that the Kttitade 
taken up by the author was the correct one. 

He wanted to put the point dearly as be saw it, io this way: 
They were not discussing tbe question of the Metric System Tersua 
the Imperial Sysleiu, but the question of the metric unit versus 
the Imperial unit. He was far more decidedly a decimaliat than 
Mr. Kulmau bud shown himself to be. He was a thorough believer 
ill tilt! use of a decimal systeui, but as the author had pointed out, 
the deoimal system and the Metric System were two very different 
things. It was tbe easiest thing id the world to poke fun at our ' 
chaotic collection of weights and measures, 

Tbe fact that we used those weights and measures did not imply 
that tbe system was a good one ; everyone waB perfectly ready to 
admit that our present system was a bad one; but ho did maintain 
that our units were for practical purposes the most useful we could 
have. It was perfectly easy, us had been pointed out, to decimalizfi 
the foot, or tbe incb, or tbe mite, or tbe ton, or any other unit that 
we pleased. 

The author bad been rather a bold man in bringing that subject 
before tbe Institution of Mining and Metallurgy, because hft < 
thought that of all branches of engineering probably mining and 
metallurgical eiigiiief'vs would be nmre likfly to give preference to 
the Metric System than workers in any other branch of engineer- 
ing. And the reason, as be saw it, was that tbe mining and 
metallurgical engineer was more concerned with weights than with 
measures, whereas the mechanical engineer and tbe civil engineer 
were more concerned with measures than with weights. 

The advantages of tbe Metric System were distinctly more 
marked when one came to deal with weights than when one dealt 
with measures, and the reason probably was that tbe measurement 
of length was the only direct method of measurement that we 
possessed. Whenever one came to measure any other quantities, 
time, mass, volume, weight, one always came down finally to linear 
measurements. If one wanted to measure the length of the table 
one took out a foot rule. One could not do that with anything elsei 
one could not see how many pounds there were in a ton bv an 
analogous method of measurement. 

Detenuinatioii of length by direct measurement being so 
obviously a matter of direct reference to a unit, was one of the 
main reasons why the mechanical engineer was so strongly in 
favour of adhering to our present unit!!. 

Surely the argument that our present system was fundamentally 
bad, because it had not a scientific basis, was incorrect. The nature 
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of the basis had little or nothing to do with the use of the iinits 
derived from it. But by a very curious coincidence, the scientific 
basis of the Imperial system of measurement was almost identical 
with the scientific basis of the Metric System. It was quite true 
that ours was derived from the length of a pendulum beatin^^ 
seconds, while the French system was derived from a more or less 
correct measurement of an arc of the meridian, but it was never- 
theless a curious fact that both had a basis so close to each other 
(89*189 in. and 89-37 in. respectively), and that both were strictly 
scientific. 

Although he had had to do a good deal in the way of taking out 
quantities in the metric methods, he did not see any great advantage 
in it over the English system. He agreed that if he had to sit 
down and figure out the number of tons in so many cubic feet by 
long multiplication, he would probably prefer the Metric System, 
but surely every engineer used a slide rule or a table of logarithms, 
and the amount of additional work which was involved was then 
practically negligible. 

A great point was made by the advocates of the Metric System 
of the advantage of uniformity. He could not help asking himself, 
was there any such advantage ? One of the very few mistakes of 
fact which the author made in his paper was the statement that we 
in this country had only one ton. He knew four or five, and 
probably other people in the room could more than double that 
number. Everyone knew that a ton of explosives was 2000 lb. ; 
a ton of copper ore was 21 cwt. ; a ton of ironstone was 2400 lb. ; 
a miner's ton of iron ore was 2600 lb., and so on. Why did we keep 
them all? Simply because it was not found inconvenient. It was 
perfectly easy for any of the users of such measures to abandon 
those tons ; the law of the land enforced the statute ton, neverthe- 
less everybody kept on using the others also. Why ? Because 
they did not find any inconvenience from it. On the contrary, 
they found it useful to keep them. Surely that showed that the 
much vaunted uniformity had not the importance which some 
people attached to it. 

People in metric countries did not believe in their own alleged 
uniformity. Not many years ago he had been called in to advise 
with regard to a water-power scheme, which was drawn up in one 
metric country and the tender was being placed in another metric 
country : in the specification the diameters of the water-pipes were 
quoted in English inches, and that specification went from one 
metric country to another. W^hen one saw things like that, one 
began to ask oneself : Is there really any such enormoxi^ iisr^otXi^w^^ 
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ID uniformity of measures all round? He saw very lUtU mon 
importance, if any, in the argument that the scientigt and the 
indUBtriat man could use the same weights and measures if vs 
adopted the Metric System, The induslrinliat was not going U 
tforry about milligrammes, which had however to be used in th& 
laboratory. It was perfectly eas]r for a man to make his analysis in 
mitligranimea and to translate his figures into tona, and it did not 
require any very great mental effort. 

He did not think Mr. AUcock was quite fair to the Engineerings 
Standards Committee in his reference to their arrangements for 
revising stundards. The Engineering Standards Committee did 
insist upon a revision of standards from time to time, but they had 
never insisted upon a revision of units, and, after all, units were the 
things they had to argue about. 

People who agreed with bis own lino of argument maintained 
that the foot was a handier standai-d than the mStre, and that the 
!b. was a handier standard than the kilogramme. Everywhere is 
France vegetablts and fruit were quoted at so many 'sous la 
livre'; they stuck to the old term because they found it was a 
handier unit. Why should we displace our handier unit by a nnit 
which people in metric countries themselves found to he less handy 
and less convenient ? He thought the reasons whj' the mechanical 
engineer objected to alter his standards were obvious enough. It 
was also obvious why the electrical engineer and the aeroplane 
engineer were willing to adopt metric standards. 

If ours were a new industrial nation starting in business tO'day 
he would not argue as he was doing ; he would certainly advocate the 
adoption of the Metric Svstem. But this was not a new industrial 
countrj it was an oil eital Iished one, with centuries of industrial 
experience behind it and th it experience was based upon the units; 
with which we were all fanii! ar. Any change of those units would 
lead us into e\pensc3 that hi, did not dare to think of. Let them 
take the commonest example possible. He supposed there must be 
in Great Biitain at least o 000,000 gas meters, measuring gas bj' 
the culic foct how ni ich would it cost to change all those ^-as 
meters to Kcorl in the Atctric System, and how many rows and 
arguments would each miuidual householder have with the gas 
companies (which ga\< us tioulilc c'nough as it was) if he had to 
pay for his gas is measuud by thi- Metric System. 

He was not in the least convinced by Mr. Allcock's nrgunieut 
that we should not need to scrap our patterns and jigs and gauge? 
and so forth. We should have to. A man could not sell things in 
metric measure and make thoni by his present patterns. If he had 
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to sell things in millimetres he would' obvioaslj have to manufac- 
ture hy that unit, and all that enormous quantity of material, 
worth no one knows how many millions of pounds, would have 
to go by the board. It appeared to him inevitable that, if we were 
going to adopt the Metric System, we would have to face quite 
gigantic expenditure. Of course the very idea of working upon 
a mixed system would be absolutely intolerable. Think of any 
of them having a broken rising main and sending for pipes in a 
hurry and finding they would not fit because the pipes bought had 
been gauged by millimetres while the old pipes had been gauged 
in inches. It was impossible to predict how many hundreds of 
thousands of pounds every one little thing like that might cost. 

His view was quite clear on the point, that an old-established 
country, which had led the way in industries for so many centuries, 
was far wiser to keep on as it was ; it was far better to ' bear those 
ills we have than flv to others that we know not of.' We knew our 
-difficulties at present. We had become the first industrial nation 
of the world by sticking to those old, well tried, practical standards. 
Why should we run any risks by now changing these standards ? 
There was no evidence whatever that our foreign trade would be 
improved by working in the Metric System, and as for the in- 
ternal economics of the country, no one knew what would happen . 
What kind of bricks was one going to put in on a Metric System 
to repair a 9 in. wall ? 

We had all our old standards of feet and inches in our minds 
in our every-day work, in our legislation, on every side of us, 
and the dangers and difficulties of changing those would to his 
mind be enormous. 

He emphatically agreed with what had been said : by all means, 
-decimalize as far as possible ; certainly let us adopt the ton of 
2000 lb. ; let us adopt a definite unit of a mile of 5000 ft., and 
^o on throughout the whole gamut. He was a thorough believer 
in decimalization ; he was a thorough believer in the decimal 
system as far as it was a decimal system ; his attack Avas 
'wholly and solely upon the proposed compulsory change of units. 

Dr. Frank L. Teed thought that there was a great deal of 
unanimity in the meeting. He thought that if the proposition 
were put that the Metric System was more suitable, if we wore 
starting afresh, than the present system, it would be voted for 
imanimously. He thought also that if another proposition were 
put to the meeting, that the people engaged in trade would incur 
^sonsiderable expense in passing from the English system to the 
Metric System it would also be agreed to practically unanimously. 
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lltil of course tbe question was what amount of expenditure 
l>o involved. 

H«i n-ishtiil Mr. Sulman bad lioea able to remain, because Mr, 
Hiihu&ii rather attacked not oul^ the Metric System but also ihe 
pimple who believed in it. There was one expression which he hoi 
taken down : Mr. Sulman said that the Metric System w&e not 
more HcientiSc than our nwu. Uci thought Mr. Sutman on recoD- 
xidaratioD would admit it was more scientific, because there was a 
correlation between weights and measures which did not obtain ia 
tlie English system. Taking the example of the cub. ft. and gal, 
which one could not getaway from : there was no simple connection 
I'tlween the two. The recommendation of the Couuuittee of tha 
Institution of Mining and Metallurgy on the questios of the 
miners' inch was that it should be expressed In cub. ft. or g&L; 
th<iy hud not made up their mint). 

There waa one thing ou which the advocates of our present 
^yittem — he was not sui-e about I'rof. Louis, but those he had 
'■poken to privately — were nt oim with the people who believed in 
the Metric System : the people who advocated the Metric System 
were ajixious to abolish all the English standards, and all those he 
had epokun to privately who advocated maintaining the present 
Kiiglish system wei-e in favour of abolifliin-^ one stamlard or two 
Diandards. If he could go round the room and get all the 
l;jit>erial System men to write on a card what they would ahohah, 
hv was aurt' by the time ho hud made the round everything would 
bt' abolished. 

Another argument which had been used, both in the paper and 
l>y Mr. Sulman, was first of all that tho Metric System did not 
preclude one from ii^iog decimals in the Imperial System. Very 
good. Everybody was agreed about that. But later in the paper, 
mid ia Mr. Sulman's speech also, it wa^ said that the question of 
the 'damned dot ' smashed the decimal system because people were 
I><>und to put the dot in the wrong place. Now they could not have 
it both ways. If decimals were a good thing, the Metric System 
\\;is 11 gooil tbiiii; : it decimals wore u bad thing they must not be 
imported inio the liiipedal System. 

The mischief of the Imperial Sy-item was that it was not one 
sv stem but many sysleuis. They hud talked about weights a good 
deal. The only thing comniou iu all our weights was the grain. 
The grain was common to Troy Weight and to Avoirdupois Weight. 
We had that beautiful ounce .\voirdupois containing 437J grains — 
a beautiful figure to divide by, ami the Troy ounce, as everyone 
knew, was 4B0 grains. 
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Taking our system of length, the foot was the commonly accepted 
standard length, hut let them ask a surveyor what his system of 
length was. It had heen brought to his mind by buying an 
ordinary tape to measure distances in feet. On the other side he 
found it was marked in links. That had not been bought fifty 
years ago. It was bought about fifty days ago ; it was a modem 
surveyor's measuring tape. He did not think it was dated, but it 
was quite new. He found by calculation that the link was not 
quite eight inches ; it was 7*92 in. It was a beautiful standard ! 
The reasons why links and chains were introduced — he expected 
the members knew it better than he did — was that there was no 
simple connection between feet and acres, but by introducing a 
chain and dividing it up into links, and so on, one got a better con- 
nection between linear and square measure. 

To revert for a moment to the recommendation of the Committee 
of the Institution, they recommend that the value of gold ore 
should not be stated in oz. per ton but in money value, taking the 
value of gold as 85«. per Troy oz., so we still had our two ounces. 

Prof. Louis had remarked that one could decimalize any unit. 
Of course one could decimalize any linear measurement, the inch, 
the foot or the mile, but when one had done it and wanted to 
convert one into the other there was the same old trouble as if one 
had not decimalized at all ; one had to remember that 12 in. 
made a foot, and that — be had forgotten how many feet made a 
mile, but three times 1760. 

The recommendation of the Institution was that the ton should 
be a ton of 2000 lb., and for metalliferous mines he had no doubt 
that was a most excellent recommendation, and he had no doubt 
that coal merchants would also welcome it. But he did not think 
that it was likely to be adopted by the man in the street who had 
to buy the coal. If one wanted a ton which was not quite the same 
as the 2240 lb., why not adopt the metric ton which he had just 
worked out and found it came to 2204'6 lb. — very close to.the 2240. 
So that there was not much difference between the metric ton and 
the old English ton. 

Prof. Louis also seemed to think that converting a measure of 
capacity into weight and so on was a mere nothing, because one 
could use a slide rule or a book of logarithms. They wanted to 
avoid that, which could be done by adopting the Metric System. 

Mr. R. Qilman Brown'*' said he had no intention of saymg 
anything, in fact at the moment he scarcely knew what they were 

* See additional contribution to discussion by Mr. B. Oilman Brown 

- in * Contributed Bemarks.' 
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disoussing. Hh had been sar^sed to find that the proposed Bill, 
ffotu which their Jistingnishwl guest hid read a i;1&d!«, only 
[trorided for obligatory ase in buyiag and selling. W«U, it tn^ht 
be that it was possible to go oo with both systems, with boom 
ioconveaieiice, using one system in the sfaop and one in the market, 
and it might be tfaitt it would resoll, as Mr. Allcock had said, ia 
the Metric System gtsdualljr ousting th6 other. But thej^ moai aU 
agiw that it would take some time, and to bis mind the molt, 
aertoos feMore of the whole qoestion wa$ its inopportuneness. Ha 
did not want to toaeh on tbe question of what was the idoalljr bert 
sftXna, but he did wish to eajf that we were coming into greal 
pariods of reeonstniction. ^fany things were absolutely inevil^le:- 
tbey tnitst be undertaken. Then why load onr shoulders with a 
tlung which was not ineTit»bl«. and which to a large number 
of peopk showed no great adraatage, if any ? 

The qnestioo of sluidards, of jigs and templates and so on, had 
bcM nfamd to. He had not the remotest idea of whxt the value 
of IboM UuBgs m this oonntn came lo, but it possibly amounted 
a half tbe present War debt. Eren if the change 



KOia^ to cutw sk>wif . mt wte. ptoposvd in what had be«n quoted, each< 
y«*r muM hear its sbare of tbe borden. Suppose it came in teii^ 

viV'vrs ■ vliil «e warn !..■■ 5*il!e o-.irst'tvt? irirh 100 millions extra 
oNwii.Iuiitv I'or the ne\: ;ea years? 

I>.ii>t\iek' :t oaiUt> iu tw»a;y year?: fifty millions was quite a large 
svtm. h stvmi\) iiii^s; i^'riou:: to take ihac money out of capital. 
Thoy \nvr.>i iv st-raptMi^ i:A>d plan; by changing the standard, and 
tto-.iUi be »Ui>rivinj ib^m^iflves of that capital which would otber- 
wi-v p.1 u-:^» iVHsir'.n-iive «\irk. He thought it would take a verj- 
>;rv''i',j; a,I\iv,*;<- iif ;bt M>:;r;i- >y>si?m :o claim that the increased 
i«i\*:i;aj>> wo ■.■.■.■.i:h; have by dialing with metric countries was 

Mr, Walter XoDermOIt s*:d hi d-d not think it was right 
!> .tiv,:M- r.uvhay.-al *;-,,i r--.::-.-.ug .r.g-^xietr^ here and in America, 
v-: *;\^:;-v or ,■: •:;:« .■••.•;-.v** v ■.■.-.\t^:-.rs;e the matter, li bud 
Ivv.-. .■,:i;-; ^.,:;v- ,■■.• .4 -.•.,•.-.■.■.;> r ,■! .vv,-.>;:l.?, .-u-.i! '.hr great ditticuliy 
M»s :>,-i: ;■:^■.:^ ns> ■.-.•; :> s.-.*^.,--.;-.:; :v.:i;,T.:v ::; favo'.-.r of the Metric 

lal 



;■ yi;7;L' System seemed 
tbin the practical side. 

li T:^,gb;get in England, 
j.:i,w :ha: our Consuls 

■;^;- Tfcey bad not been 
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SO in the past. They had not been like the German Consols, who 
had been really interested in commerce. If we went to the Germans, 
as we ha4 been advised to do, for information how to get trade, we 
should have to adopt more than the Metric System in order to 
succeed ; we should want their State aid for industry and shipping ; 
and have to give liberal terms to the many purchasers who attached 
more importance to low prices, and long credits, than to the beauties 
of the Metric System. Many of our greatest admirers of German 
science, education, and intelligence, were those who would not 
approve of any practical aid from the State, for industry. 

The manufacturers who were enterprising in bidding for foreign 
trade (and he had had some experience in metric countries for a 
great many years) found no insuperable difficulty in meeting the 
requirements of their customers in the matter of metric measure- 
ments in their catalogues, and their drawings, and correspondence ; 
so that, although the advantage of uniformity was undoubtedly 
great, it had not been proved that we were industrially suffering so 
much from the mere lack of this uniformity as to make that in 
itself an exceedingly strong national argument. It could be got 
over by putting the special trouble on the people who were doing 
the export trade, and benefiting by it, which did not upset the 
whole of the rest of the nation who were not so much interested 
in it. 

Mr. H. M. Morgr^ins said that the paper contained an admis- 
sion both stated and implied that our systems of weights and 
measures were bad, and it acknowledged that the Metric System 
was better. The author conceded that for new arts and businesses 
such as aeronautical plant and Diesel engines the Metric System 
was rightly used in the United States. The author made a great 
point of the mental images which we conjure up as part of our 
being. 

The other day a mining engineer was telling him that he had an 
in-come of water of 6,000,000 gal. per day. That, to the speaker's 
mind, did not convey much. If the quantity had been given as 
208,880 gal. per hour he could not visualize it, but if stated as 
8472 gal. per min., he would have got a fair idea of the quantity, 
could give a rough guess as to the size of a pump to handle it, and 
could say what sort of a stream it would make. That is the way 
in which he visualized quantities of water. 

A Frenchman thought of the same thing in cub. m. per min., 
and it would be useless to talk to him of gallons per 24 hours. 
The Comishman and the Scot thought of depths of shafts in 
iathoms, whereas he always thought of them in yards^and o\>\i&T'^<^Q^\^ 
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Utongfat of Ifaem in feet. The jargon of the motor bnsineas in thi* 
oouotry was metric ; cylinder uid tyre sizes were quoted in metrta 
diiDODsions. The point he waa making was that the porticolar 
unit in which thiugs were risualiz^d was entirely independeDt of tbtt' 
qrsteiD. It Vis the result of habils, And those habits coald chan^ 

The author oombat«d the moeb brnited tale of the widespread 
use of the Metric 8)stem by pointing to tb« importaxice of Great 
Britain and hei Colonies, the United Stales and Russia, is 
balanetng up lh« woHd'a weights and ueasnres. He did not think 
the anlbor was fair there, becaose the comparigon was real^ 
betw«en a substantial portion of the population of the world whidi 
tuod a Ktandard mutrie system with at any rate a great measure of | 
unitoraiity, and the rest (albeit a larger portion) who wen using a 
terrible jutnble of weights and measuns. 

In aoa-notno ooootriea all the men of scienoe nsed the Uetrie 
Sjsiem, and there «sre gtonps bete and there who ■Kvm using the 
Metric System for industrial pu q weee. 

Tbe Uetrifl System wa« a nmple one- Ho had in his hand a < 
little sleel nite made in America. It was a miUimetre diick, e- 
eentinrftra wide, a decimetre long; its conlentE made a onto 
wniiim'lr* and iu weiyhl in pramnif « wis the =pwific ^ravit>' of 
tho lu.tttritil. That was the simple and convenient basis of tbe 
Mfiric Sv-U'io. 

Drawings in meirie mea^iurvnit'titj nt-r* verj- easy to make and 
rt'a.i There was ik> quistion of n;-.s.mL- tij' fe*t and inches. There 
wtrt' no lUviiiial [vint,- ; everythini: was in millinietres- 

Hf saw drawbacks in the Metric System, The number of figures 
ill a K'ng cakulajion i;rew rapidly, nrcesjiiaiing recourse to the 
sl:.lf rule it to st'pr\>\iiL-.ate meshoils of mulitplifauon and diTision, 
lakin;:; care to ach:ive the r.ecwssary de-:ree of aworacy. Simple 
fafsors disapivarv\l. 

Tbi' value of the papvr so hi^ mind was that it pointed out tbe 
grta: d:Sk:«liies iher* would l>? m changing over to ihe Uetric 
Sys-n::.;. I; was ti't an arvr-.ir.tc; :f,^:-?T ;ht n™^ for the chanpe 

chi::.-^ .1-; :.-: .i ;-.,-ci>.s,sry rt::-,v. .■: ^rir-s.:;;:: : :; r:::i:bi he i*d 

l: <':k-....-\ -.: z-j. ;ii; ;r. eba:;_-:::j ■.". ^7 :c -.bs Heiri^ >yfiem 
:=■: :■.>■-,--* ri.-.L! ". b^ ■.•. -.bs '-iri.ls o: s::-,:; -rardic^ Ccmmitwe 
'-■■- "■- -■- ■■-" --.V-r'.-:- '.v. m:,: V^ :■: ;.-i-^--j:t-.\. i::>i wfcx'h wo-.i!d 6l 
■_i:cS : : -: ^^-.dj-- -■ Or >u^h ir..- i.-.jh 4 ;i:t y;-- =;■•?; t::ake do 

~-,"-- ■-- ,--; > -_■ -.; ■ .;yi-:t— ' ■ 0" -.■..■■= iZ '. -I-:}! a dit<? VOD 



AMERICA ADOPT THE METRIC SYSTEM? — DISCUSSION. 25 

worn out and useless), and ' At such and such a time later on still 
you must have effected the complete change.' 

He had no doubt that the change was necessary, and would have 
to be undertaken. It was difficult to undertake it now, but it would 
be ten times more difficult to undertake it in a few years' time. 
When adopting the Metric System any defects or difficulties that 
had shown themselves in the long history of the Metric System on 
the Continent could be corrected. 

Mr. H. F. Marriott said that the remarks of the previous 
speakers indicated that the keynote of the problem was * sim- 
plicity.' It was obvious that there were so many opponents 
to the wholesale change to the Metric System, that it could not be 
imposed on the country compulsorily at the present time. On the 
other hand he quite agreed with the speakers who had advocated 
it that the ideal to look forward to in the world was to have a 
uniform system. Therefore, if we commenced to-day to simplify 
our own systems we would advance towards that ideal whilst 
causing a minimum of dislocation. 

He hoped he would be in order in discussing the money question. 
That was the foundation of all changes. The most useful of the 
recent proposals appeared to be that which was based on the florin 
as the unit of English money. In this case in order to decimalize 
our coinage there was only one coin to alter, namely, the penny. 
This alteration involved a reduction of 4% in the value of the 
penny. At the present time this would cause very slight incon- 
venience because the penny to-day had no standard value as 
reflecting the value of anything in the market. 

This particular drawback to change had gone for the moment. 
With the florin as unity and 25 pence to the florin instead of 24, 
and 100 farthings to the florin instead of 96, and the elimination 
of the unnecessary half-crown, our whole system of coinage would 
be decimalized. The sovereign, the best coin of commerce through- 
out the world, would stay, and the interchange of money with 
other systems would be greatly simplifled. 

Ck>ming next to weights, for simplicity we required the standard- 
ization of one unit to which the standard units of other systems 
could be referred. The author of the paper had stated that he 
wished to keep the consideration of the decimal system apart from 
the Metric System, and he did not agree that this was possible, 
because he considered that the present discussion on the Metric 
System only arose on account of its decimal qualities. He assumed 
that the advocates of the Metric System only put it forward because 
it would introduce the decimal system. 



With the lb. as our primary unil, and a ton of 2000 lb., i mrj 
Wge ptoportioo of our rei^uiremeBts would be met vrithlti the 
dedmal system. It would be inadvisable to attempt to change [b« 
on., or any oE the Bmallcr current units, but any community tbat 
kept their records in any other unit of their selection, should be 
compeltod to keep to that unit and its decimals, so that a change ' 
into the legal equivalent in lb. could be made by one factor. Tha 
would greally gimplify interchange with other countries which also 
had decimal systems. 

With regard to the niea^urement of length, the foot was probably 
just as good a unit of length as the metre ; in fact in many wsya 
it was better, as the requirements for small raeasuremenlfi wera 
more varied than for the more oomprohensive units. He did not 
agree with Prof. Louis that the mile could be brought into line bj 
alturing it to 5000 ft.; the railway companies would have some- 
thing to say on tbe question of cost. The records involving the 
ofitt of the mile and fractions of a mile would not interfere unduly 
with thoHC for which the foot was most suitable, hut any inteT- 
mediate measurement should bo abolished. The mechanical 
engineers could retain tbe inch and still be progressive so long aa 
they used decimals, because the transference to the legal standard 
would then only require the application of one factor. 

It seemed to him that progress iu this movement would be 
attained more rapidly if, instead of dividing themselves into two 
camps with the metre as the basis of discussion, they would steer 
a middle course and commence a campaign to reduce the number 
of our units, choosing one primary unit in each case as the link 
between our and other systems. 

That would go a long way towards putting the next generation 
in a position to choose one universal system should they desire it. 

Prof. S. J. TrilSOOtt said his experience had been rather 
unique, inasmuch as be had lived for many years in a country 
where tbe English milestones had been taken down and kilometres 
put up. That was on the island of Sumatra in the Province of 
Ilenlioelen, which w;is formerly British but afterwards became 
Diitcli. Ill' liiul worked there ou a mine where tbe metric system 
WHS ttdoptt'd ami where its conveniences wore manifest. On the 
iiiiichineiy pltms, in.stead of haviny, for instance, 4 ft. 8J in., thej 
hwi 1135 milliiuotres. It was not even neces.sary to state that they 
were millimetres becmiKe nothing but iiiillimitres were on the plan. 

Tbe mininy jjlans also were made to metric measurement, and 
tbe convenience of that was obvious. Tbcy were drawn to such s 
scale as 1 in 500 or 1 iu 1000, instead of 10 ft. to the inch, which 
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was 1 in 480, so that both the foot rule and the mdtre rule could 
be used upon the plans equally conveniently. 

When the Institution of Mining and Metallurgy sent out the 
circular to its members, he had replied in favour of the adoption of 
the Metric System. But since that time he had had opportunities 
of reviewing the position, and what he thought now was that it 
was not so much our principal units which were at fault as the 
use of so many secondary units. In collieries, for instance, they 
purchased hoisting ropes by the fathom to work in shafts so many 
yards deep, when the unit of length was the foot. If the fathom 
and yard were given up except in very special cases a good deal of 
confusion would cease. The inch was the twelfth part of the foot, 
it was true, but within a certain range it was a most useful unit. 
At the particular mine to which he had referred the workshop staff 
was entirely German, and in that shop these men themselves used 
the inch, they spoke of bars of iron in inches ; so that this unit 
was largely used in Germany still, probably because Germany had 
adopted the Whitworth standard of threads. 

He did not think there was much wrong with our units. In the 
ordinary mechanical calculation there were only three units, the 
foot, the lb., and the second. In the Metric System there were two 
systems really : there was the centime tre-gramme-second system, 
which was that of the absolute units, and there was the metre- 
kilogramme system, employing gravitation units. It might be 
said that there was no difference between those two systems, but 
there was. With the absolute units the mass was equal to weight ; 
in the gravitation system mass was not equal to weight but to 
weight divided by the acceleration of gravity. That was a com- 
plication which was, perhaps, small, but it showed that even in 
the Metric System there was not perfect uniformity. 

Mr. Edward O. Barton wished to draw attention to one 
point which might be emphasized on the metric side. Mr. Allcock 
had referred to it ; he had read a little paragraph out of the Bill 
with regard to non- scrapping. That was a clause which prevented 
the Act from operating in the direction of enforcing the scrapping 
of machinery. 

The curious part of it was that the scrapping bogey had been 
repeated by many of the speakers ; it had been said, indeed, that 
half the cost of this War would be incurred by the enormous 
scrapping of machinery. 

The last speaker had given them a most interesting piece of 
information, viz., that even in Germ»ny at the present day the inch 
was still in use, and that there were machines in \x&^ cyci X^V^^^ 
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standard. It was extraordinary to bear that OD tbe one hand, and 
on the otber to hear that all thai gigantic scrapping tvhich bai 
been referred to must take place as the immediate result, or as thfr' 
ultimate reeult, of tenor fifteen years' work at a coat of 100 unillions' 
per year. 

He would like to draw atteotion to tbe fact that some saving 
would also be made. He waa recently in Biriningbam and called 
on a tool maker, e:(pecting to find the deadliest enemy that iha 
Metric System could have, but was much astonished when the tool 
maker took him round tbe establisbmeui and pointed out dupliuM 
stocks in the Metric and iu tbe English system, saying, ' I do nol 
Ciiie whether it is English or metric, but for Heaven's sake abolisk 
one of them I We have to keep stocks of these things, and at Si. 
odd a lb. for steel it is like storing golden sovereigns.' There wu 
Horaeihing lo be saved by our adoption of the Metric System. As 
to ibe change it would take place gradually. It was still laking 
place in other metric oountrien slowly. That slowness was urged 
as a crime against the Metric System. As one of the speakers had 
said, they could not have it both ways; it could not be made ■ J 
crime against the Metric System that the change was slow, and at , 
the same time a crime that it was going to be rapid. If we adopted J 
it to-day it wontd bo many years befi^re tbe change would be com- 
pleted, and he did not think that there would be any money lost 
by anybody. 

The President said be would like to thank all the speakeis 
who had assisted in the discussion. He felt that, as President of 
the Institution, he personally must take an impartial position aud 
express no view, lie bad very nearly interrupted their friend, 
Mr. Humphrey Morgans, when he waM speaking about visualizing- 
For years he had been in the habit of adopting the cricket pitch 
as his metboii of estimating distance. He had got that into his 
head a-; a schoolboy, and bad used it ever since. 
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Mr. R. Gilman Brown : I should like to add a few words lo 
my remarks. My whole argument is, that no unnecessary burden 
should be laid upon us during the early years of reconstruction, 
and whether tbe burden be one of thousands or millions, tbe 
principle is the same. Nor docs it matter whether the ofT-hand 
figures I hazarded are unreasonable or not. I am not, however, 
prepartd to admit that they are unreason able, for the ramifications 
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3f a change of this kind cannot be foreseen by anyone. Moreover, 
lis burden will not be financial alone, and attention will everywhere 
be distracted from pressing constructive work not only in the shop, 
but in the office and in the study. 

We cannot get away from the fact that the change would be a 
burden. Is it then necessary ? We are told that it will enable us 
to convert with facility from cubic measures to those of capacity — 
granted ; that the Troy ounce will not then be confused with the 
Avoirdupois ounce — granted ; that we shall have only one ton — 
again granted ; but what fraction of 1 % of the daily myriads of 
measurements do these operations represent, and is anyone bold 
enough to say that this fractional per cent, constitutes a necessity 
for the change ? 

It is the practical side of the matter that concerns us, and not 
the ideal; we can even afford to grant that familiarity with the 
Metric System may, contrary to the belief of many of us, bring all 
the benefits promised, and we are still a long way from any proof 
of necessity. 

Finally, can we even accept the claim of advantage from the 
present adoption of the Metric System. Oliver Wendell Holmes 
once observed that a man's brain could be developed to almost any 
extent if we began early enough, but, he added, that we might have 
to go back half a dozen generations to do it. That is the answer 
to the question of advantage ; the change is advocated as a recon- 
struction measure, but for that it is years too late. At a juncture 
where we shall need all our skill we are asked to use unfamiliar 
tools ; I can conceive of no more efficacious way of handicapping 
our post-war exertions. 
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FURTHER CONTRIBUTED REMARKS 

ON 

* The Eoonomio Geology of the Insizwa District.' 

By W. H. GooDCHiU), Member. 

Professor J. W. Gregory : Mr. Goodchild's suggestive paper 
is an excellent example of how a caref al genetic study may point 
oat future lines of working metalliferous material which at present 
cannot be profitably mined. One special interest in his paper is the 
oomparison between the Insizwa and Sudbury fields ; in both, the ores 
occur on the underside of a sheet of basic igneous rock that has been 
described as laccolitic, though in neither case is that structure certain. 
Mr. Goodchild's evidence from Insizwa appears at first sight to 
support the theory which has been so strongly advocated for Sudbury, 
that the ores were due first to the sinking of the sulphides into the 
basal layer of a sheet of molten basic rock, and second to their matte- 
like segregation in that layer into orebodies. The striking resem- 
blances established by Mr. Ooodchild between the Insizwa and 
Sudbury ores seem, however, to strengthen the weighty arguments 
against that theory for the Sudbury ores. 

The evidence at Insizwa seems inconsistent with the origin of its 
ores by magmatic segregation, as that theory is generally represented. 
That the basal sheet of picrite may be due to gravitational differen- 
tiation is quite likely. It would be a large scale example of the 
process which, as shown by Mr. Tyrrell, occasioned the differences 
between the successive layers of the Lugar sill. But that the 
mineralization of the picrite was due to the same cause is doubtful. 
The ores, as Mr. Goodchild has shown, are not limited to picrite, 
but occur also in the veins of acid rock and also in the dolerite 
dykes which are even younger than the consolidation of the gabbro, 
as they cut across it. 

Moreover, the sulphides are not in the form that would be 
expected in matte-like segregations, for the bulk of it occurs as 
finely disseminated particles and not aggregated into masses. 1 he 
sulphides are sometimes in pellets: but both these and the dis- 
seminated particles occur in the sediments as well as in the igneous 
rocks. The ore, again, sometimes occurs as branching veins of 
solid sulphides, which are as much as 100 ft. long by 2 ft. thick 
and pass from the igneous rock into the sediments. Further, the 
sequence of minerals shows that the sulphides were not formed in 
the first stage of the consolidation of the rock, for Mr. Goodchild 
describes them as occurring interstitially and moulded on the 
silicates (p. 16)* 
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Hence, it is cleat tbat the Insi/wa ores are not primary mugmatk 
segregations. The chief argument for tbeir igneous origin is thai, 
as Mr. Goodchild points out, all the four dififerent kinds of ore at 
Instzwa occur beside the lower contact of the intrusive gabbros. 
This fact is suggestive that the ores wore perhaps collected then 
by liquation and suhBequentiy re-arranged. If so the ores *-ere 
segregated by igneous action and dispersed by secondary processes— 
the reverse of the general nile. The hypothesis is, however, opposed 
by two considerations, the dissemination of most of the ore ia 
minute particles, and Mr. Goodchild's record tbat the average 
copper-nickel ratio in the ore of the fissure veins is the same a 
that in the picrite. If the particles in the picrite were primary 
and igneous, and the vein sulphides secondary and aqueous and 
later than the dolerite, some difference would be expected in the 
relative proportions of the metals in the different ores. 

The restriction of the mineralization to the basal contact of the 
gabbro series may be explained by other processes than gravitation^ 
differentiation After the consolidation of the gabbro its magmatic 
waters would have penetrated far into the overlying rocks and 
escaped to the surface, whereas the water that entered the under- 
lying rocks would be confined to the contact zone. This difference 
in penetration would have resulted from two main factors — (1) the 
intrusion would probably have ruptured the uplifted rocks and 
compressed those below it, (2) the gas pressure would have helped 
the movement of the ascending water above the intrusion, and 
opposed that of the descending water below it. Hence, if magmatic 
water from the intrusive mass had deposited the ores, they would 
have beeo concentrated below and widely dispersed above. When 
the dolerite was intruded it would have been liable to some 
mioeralization where it cooled in contact with the ore zone by the 
solution and re-deposition of the ores. 

In these respects the Insizwa ores agree with (hose of Sudbnry; 
the ores there occur near the base of a sheet of norite and are 
distributed so irregularly, and in such forms, that liquation is 
not a satisfactory explanation of tbeir distribution. The micro- 
scopic study of the ores shows that the Sudbury sulphides, like 
those at Insi^wa, were not the first minerals to solidify, but thst 
they weru formed n£ter the consolidation of the rock, as they are 
interstitial to the raptured silicates and form a cement to the 
brecciatcd norite. 

Mr. Goodchild's paper bears on many other interesting problems 
of both economic and structural geology. For instance, the 
presence of the platinum in this part of South Africa is anotbei 
of the features in common, it is probably more than a coincidence, 
between South African and Russian geologj-. 
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AUXHOB'S REPLY TO DIS0U88IOM 

ON 

'The Wet Assay of Tin Concentrate.' 

By H. W. HuTCHiN, Member, 

Mr. H. W. Hutohln : My preference is towards a collective 
reply based on^the main points of the discussion rather than a 
detailed reply to each individual. Whilst preparation errors were 
accepted in principle, there was evidence of scepticism as to the 
extent. 

Mr. Bannister, in discussing this matter, begins with a criticism 
of the procedure in the muUer and slab experiment, but at a later 
stage confesses that * very serious contamination could occur on a 
mailer and slab.' The procedure was dictated by the fact that the 
mailer and slab had been in disuse for a considerable period except 
as a mixer. To those familiar with the effect of the moist Cornish 
air on iron (to say nothing of an added acidity from the laborator}') 
the condition of the apparatus and the need for caution may be 
imagined. Under such conditions the obvious procedure was to 
accept the plate as clean when two consecutive preparations gave 
concordant assays. The figures given by him for quartz ground in 
an iron mortar are interesting and distinctly valuable : moreover 
they do not conflict with the special steel mortar experiment in the 
paper: but why stop at ~90? 

Many workers using the Pearce method practise much finer 
grinding, to say nothing of the requirements of the Beringer 
method. There is every indication in his figures to —90, that if 
the series had been extended to, say, — 200 and beyond they would 
have shown very many sources of error. I should not share his 
faith in the efficacy of the magnet for removing iron from such 
finely powdered material. The difference between Mr. Bannister 
and myself is in our conception of what is fine grinding. 

With respect to the material floured in the steel mortar and 
reported at 1*6 % iron and blank test ' very little,' the very little 
was under 2 % from agate powdered material. 

Mr. Trewartha- James in comments on the statement made on 
p. 7 ignores the outstanding feature, viz., that the unpowdered 
samples invariably returned higher assays than the Wedgwood 
powdered. There was no intention on my part to consider tbem 
as approaching absolute values : it was stated that they were taken 
from preliminary investigations to which may now be added the 
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^l that the series of six assays on p. 6 w&s pat through to test 
the general conclusion arrived at from the prelimiBu; in- 
vestigation. 

The f xfimples No. VII which he quotes do not need the intro- 
duction of sampling and ossrv errors : they may be explained solely 
on preparation errors. I have elated on p. 5 : ' The worker 
obtains in duplicate assays a delighifiit concordance without a 
suspicion that errors of 1, 2 or H% may have been introduced 
before the charges boil been weighed out," The worker woald 
not obtain that concordance if the diiplicuteg were of separati^ty 
prepared portions. The longer Ibt' perioil of rubbing the lower ilia 
assay will be. In an ordJuuiy uay two separate portions prepared 
for assay may approximate to the mhjuu value. 

Surety it is better to eliuuDate an unsound procedure first : con- 
fidence is restored, ' sampling and assay errors ' then receive do* 
consideration. The logging of the pestiea was instituted In the 
hope of corroborative evidence, not with uny hope of exact mathe- 
matical calculations. The pi'eparatiion of a, sample for asa»j is a 
procedure which does nut lend itself readily to mathematical calcu- 
lations. It is one of gradual reduction, the final grinding being 
perforine<l on as small a quauiity as would meet the requirements. 
So, too, the mortiira were fiir loo heax^- to be weighed with any 
pretension to accuracy by the balances at hand, but it is luy 
conviction that the loss in weight of the mortar is as great as that 
of the pestle. That conviction is strengthened by a subsequent 
inspection of the mechauicol muller und slab in use at the 
Bessemer Laboratory. 

Mr. Picard's statement: — ' So far as the record went it showed 
that grinding on the plate yielded a higher instead of a lower 
result' — is obviously not in harmony with the facts. The re- 
mainder of his remarks on the uiuller and slab experiment have 
l)een dealt with in answering points raised by Mr. Bannister. I 
am by no means inimical to the Pearce assay: my attitude 
towards it is rather in the direction of working out conditions 
whereby a large charge may be decoiiipo.«ed in a single fusion wiih 
the same certainty as a suiail chivfgc. My preference is for sodium 
peroxide over caustic soda ; a pi'climiuary fusion is unnecessary and 
it has a slightly higher melting-point. 

Of the methods based on selective attack, I have yet to meet the 
true mineral which is not amenable to the Beringer method. The 
limitations of the hydrogen (or coal gas) attack are well known 
and the method has been adopted to meet such limitations ; so, too, 
there aro a few instances where the lime method has limitations 
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i^hich may also be met. By analogy I should expect redaction 
g?ith carbon to have similar limitations. 

My views on nickel hav^ been recorded daring the discussion, 
dxcept for some aspects which call for further remarks. It is quite 
brue that zinc as a method of separating tin is not new, nor for 
khat matter is its use as a partial reducing agent in the tin assay. 
[n the Beringer assay it is an integral feature of the method, and in 
its application it is for all practical purposes ' zinc-nickel * 
reduction : only in special circumstances is an attack with chlorine 
followed by nickel reduction practised. In the development of the 
method by Beringer in the earlier stages he used the chlorine 
attack with nickel reduction ; in later stages the shorter method or 
zinc-nickel reduction. 

In the introductory paper on the lime method, the author gave 
details of zinc-nickel reduction as applied to that method, also in 
the reply a method in which nickel reduction only figured. The 
only new feature in the present communication was the application 
of zinc-nickel reduction to the Pearce assay. It has fallen to my 
lot to make an acquaintance with all three methods of attack 
combined with the dual conditions for the reduction of the tin 
solution. It is not easy to express the experience gained under 
such conditions in a paper of this kind, but the experience has been 
such as to establish zinc-nickel reduction as preferable to nickel 
reduction. My preference has been construed as an attack upon 
nickel, and the experiments with various brands of nickel in the 
presence of titanium have been quoted as true of nickel in general. 

I know of no brand of nickel which in a blank test with hydro- 
chloric acid would have to be rejected because of consumption of 
iodine : any of the brands of nickel mentioned would give con- 
cordant results with a stock solution of tin. A solution of tin 
ore or concentrate in hydrochloric acid reduced with nickel, not 
infrequently consumes iodine slowly with an indefinite end point, 
a fact which suggests the necessity of acid cleaning rather than a 
rejection of the nickel. 

The work of Beringer with a solution of titanium trichloride 
showed that the presence of TiCl, was not the only factor concerned 
in the interference. TiCl, as a pseudo triad is best pictured as a 
balanced product between TiCl^ and TiCl^ : a prolonged digestion 
with a metal like nickel would tend to disturb the balance in the 
direction of more TiCl« (within limits) with a tendency to a restor- 
ation of the balance during titration. One metal would differ from 
another in its effect, and an impure nickel by reason of local couples 
from a parer nickel, and a prolonged reduction with any given 
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metal mom harmful Ihiui u shorter reduction, &e fisperieuoe hu 
shown, is true with tho ordinary nickel redaction. 

With zinc-aiokel redaction under the conditiona defined in tho 
paper the effect of titanium appears to be practicaJly eliminate; 
on the evidence of the titrations to which Mr. Picard has referred, 
the brand of nickel ceases to be of any importance. It is, if con- 
firmed by the experience of professional assaycrs, a strong point id 
favoar of zinc-nickel reduction. Conlirmation is easy on the linn 
suggested with aliquot parts, uue at which is reduced with sini:- 
niokel, and the others separ&ted ou zinc from the titanium ; a fev 
examples will suffice. 

The advocates of iron are silent as to the efTeot of titaninm undee 
such conditions. On other points their attitude is a cnrious one, 
for whilst nickel is disparaged because of impurities and other 
imperfections which I do not entirely agree, iron is recommended 
with cautions against various kinds of iron. Mr, Griffith has put 
liis convictions into data, but I suggest that he or any other 
advocate of iron would do good to all by giving a more or less I 
detailed comparative study of the reduction of tin solutions by 
buth nickel and iron. I 

A long experience in the preparation of samples personallf iom-'i 
not allow me to r^ympathiiie with the 'dusting' theory. 
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LeacMng of Copper Ores at Bisbee, Arizona. 

By Joseph Ib\tng, Associate, 

Thbouoh the courtesy of the Copper Qaeen Consolidated Mining 
Co., I am at liberty to give the following results on the 
leaching of certain copper ores, which may be of some interest at 
this time when so much experimental, as well as commercial 
leaching is being carried on, partly in the line of direct leaching, 
and partly roasting with subsequent leaching. 

The work described is an adoption of what is sometimes called the 
' brutal method,' i.e. leaching ;vith sulphuric acid and recovering the 
copper by precipitation on iron, with the exception that in this 
instance the iron is not all lost, and the process is cyclic in operation. 
Bhirther, it is always possible to combine an electrolytic recovery 
with iron precipitation, regenerate some sulphuric acid, make use of 
the waste liquor from the precipitation tanks, thereby maintaining 
the cycle of operation, and work in the copper precipitate with the 
electrolytic recoverj', so that the final product is electrolytic copper. ' 

The information gained may be generally interesting in view of 
the fact that it appears possible to treat successfully by direct 
leaching, and a moderate use of sulphuric acid, a class of ore which 
hitherto has demanded a heavy expense in acid, or a preliminary 
roast, so as to obviate these elements which contribute to a high con- 
sumption of acid. The ore particularly selected for the leaching 
tests was a highly aluminous oxide ore of which the following is a 
representative analysis : 

Cu% Fe% CaO% A1A% SA Z, 
3-20 29-50 2-65 12-50 24-23 2-25 

Attempts to treat this ore by the usual milling methods now in 
vogue were not very successful, and the analysis shows that it 
decidedly is a refractory smelting ore. 

Some apprehension existed as to the probability of high alumina 
and iron and also lime, entering the leached liquor with the copper, 
thereby inferring not only an unusual consumption of acid iu the 
leaching process but the presence of iron and alumina in the lixivium 

^Patent applied for. 
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in such excess ae probably to intorfore witb electrolytic recovcir. 
I'reviouB work in Nevada having determined that the presence uf 
lime even up to 20% can be overcome, and its acid -consuming pover 
doBtroyed, ii the ore be first treated witb a soiution containing ferrom 
and ferric sulphates, it was decided to work along similar lines, in the 
hope that something of the same etfect would result when iron 
oxides and alumina were present in tiuontity, and likely te be 
diijGolved out if preliminary treatment wera made witb strong ociii 
solution. 

As is usual in such work a number of laboratory tests were &nt 
tried to find out if the ore were at all amenable to a leaching 
treatment. The results of these laboratory tests were quite satis- 
factory, showing a good extraction witb a consumption of tvopsKs 
of sulphuric acid to one part of copper. Two rt>sulte are given 
^lorewith: 

Heads 220 3-82 

Tails O'SO 0-80 



Extraction l-90=86-8 % 3-52 = 92 % 

KoTS. — Ore ciuahcd to 8 mesh ; 100 grm. taken, treated with 
■waste liquor from cementation plant, (containing ferrous and fernt 
iron) fortified with sulphuric acid: nornial temperature and 
intermittent agitation. Further tests on small quantities gave 
somewhat similar results. 

These tests were supplemented by heavier tests treating from 
50 lb. to 100 lb. at a time in small vats which permitted of inter- 
mittent steam and air agitation. The average temperature was 
110' P., and the average extraction from nine tests out of thirtten 
was H3%. It was noticed ;tt this time that by judicious application 
of lixiviant weak in acid, but strong in ferrous and ferric salts tbe 
solution of copper was easily efl'ected, while at the same time the 
proportion of iron, lime and alumina dissolved out was almost 
negligible, even when the first lixiviant, weak in acid, was follonfti 
by a solution strong in acid. 
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This may be illustrated in another way : 

Copper %. 

Ore 3-82 

1st Leach 1*50 

2nd „ (wash) 0'30 
8rd „ „ 012 

Another lot checked by tails gave the following results : 

Copper %. Iron%. Iiime%, Alamina%, 

Heads 8-20 29-0 2-5 12-60 

Tails 0-66 280 2-0 1500 

The slight increase in alumina in the tails is partly due to some 
f the washings being made with rather foul waste liquor which 
ad become charged with alumina, particularly towards the end of 
lie run. 

These figures show that the amount of iron, lime, and alumina 
issolved out is very small indeed, compared with the copper, and 
roves that little of the solvent is lost in dissolving those 
etrimentals. 

It was finally decided to follow up these small scale tests by 
reating some of the ore in approximately one-ton lots. A small 
xperimental leaching plant, capable of handling three tons at a 
ime, one ton in each leaching tank, was accordingly set up. No 
rushing plant was installed, as it was arranged to have the 
lecessary crushing done at the sample mill. 

The accompanying flow sheet shows a small tube mill, which 
raa not put in, as it was considered that good results might be 
btained without it. The explanatory legend of the flow sheet, 
lerewith, gives general details of procedure. The drawings here- 
nth show a device for emptying the tanks, and transferring pulp 
rom one to another and finally to waste. A lever was attached to 
he plug and worked from a point beyond the tank ; the plug was 
owered only a few inches and the pulp discharged into a launder. 
?he pulp as fed into the tank, fell on the cone, and so the charge 
ras evenly distributed all over the tank. These leaching tanks were 
irovided with false bottoms of 1 in. boards, perforated with ^ in. 
loles, and covered with one layer of cocoa matting. 

In the pyritic filter tanks the percolation was upward {see 
l^ig. 4), the precipitating tanks were also provided with false 
K)ttoms of 6 in. X 4 in., on which the iron was laid. The 
opper liquor entered these tanks by a downtake in the centre, 
oming up through the iron, and flowing off near the top, thus 
nsuring thorough contact with the iron. The false bottom arrange - 
nent permitted collection of the copper precipitate without removing 
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EXPERIMENTAL LEACHING PLANT. 

Flow Sheet. 
Flow op Liquors and Ore. 

. 1. Ore is fed to agitating tank along with solution from solution tank. 

. 2. Discharge from agitating tank goes to No. 1 leaching tank. 

. 8. Liquor is drained from No. 1 leaching temk to No. 1 filter tank. 
Ore is discharged by means of liquor from sump tank into No. 2 
leaching tank. 

. 4. Liquor is drained from No. 2 leaching tank to No. 1 filter, mixing 
with the solution from No. 1 leaching tank. Ore is discharged 
into No. 8 leaching tank by means of liquor from sump tank. 

. 5. Liquor is drained from No. 8 leaching tank to No. 2 filter. Ore 
is washed out of No. 8 leaching tank to waste by means of 
water. 

. 6. Liquors from No. 1 and No. 2 leaching tanks are filtered in No. 1 
filter tank, from whence they overflow to No. 1 precipitating 
tank. 

. 7. Liquor from No. 8 leaching tank goes to No. 2 filter tank, where 
it is filtered, overflowing to No. 2 precipitating tank. 

. 8. The liquor from No. 1 precipitating tank overflows to No. 2 
precipitating tank. 

. 9. The liquor from No. 2 filter tank overflows into No. 2 precipitating 
where it mixes with partly precipitated solution from No. 1 
precipitating tank. The overflowing solution from No. 2 precipi- 
tating goes into siunp tank from whence it is pumped by means 
of solution pump to discharge the sands from No. 1 and No. 2 
leaching tanks, and to supply solution tank No. 1. 
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one tank to another with a ferrous solution ol the usual consistency, 
pumped direct from the Bump tank to the leaching tank. 

The followiug daj' more of the copper solution was drawn off, and 
H second wash given to the pulp, when the charge was transferred from 
the second to the third leaching tank, and allowed to lie overnight. 
Farther decantation or filtration would be followed by anothat 
(water) wash which generally completed the treatment. It will be 
seen from the foregoing that the plant admitted of three charges, in 
different stages, under treatment at one time. 

The waste liquor used For charging and washing purposes showed 
a steady increEise in iron during the period of operations, rising from 
O-IO % in the first few days to 1-30 % at the end of the campaign, | 
which goes to prove that the ferrous salts are always in abundance. 

It is also comparatively easy to control this accumulation. The 
change from ferrous to ferric iron takes place, partly when pumped 
up and aerated in the solution tank, and partly in the first stages 
of the leach; (.<«<• accompanying table of results). 

Charging with the necessary acid added to the ferrous solution { 
was tried on several occasions, and resulted in a saving of time, 
bnt the extraction was not quite so good. In further regard to the I 
time problem, many trials were made, and it was found that an ' 
over-night leach, on ore ground to 8 mesh, properly started and 
steamed to about IKT F., got out most of the copper, and in fact a 
48 hours' leach, or even a 72 hours' leach, did not seem to get out 
more copper, unless in one or two cases where the charge was ve^ 
coarse, when extra time certainly proved advantageous. 

For example: 

Results in Grains per G.^llon, 



1094-80 , 1073-00 

109G-20 ! — I 103 

907-70 H74-J0 

969- SO — 'M 

ITGl-TO IG.lK-80 

1490-40 — 15& 

IS last lot coui^iiucd •^'J■:•^)■:^ courier than H mesh. 
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Comparing the results from the small scale tests, with the results 
from the larger tests* it is evident that the want of agitation de- 
tracted from the latter. The agitator used in charging was really 
more of a distributor, and simply helped to mix the charge with 
the solution on its way to the leaching tank. To emphasize the 
value of agitation, a series of 100-lb. tests were carried on, dupli- 
cating some of the heavy charges in every particular with the added 
benefit of agitation. 



Pounds. 


Heads. 


Tails. 


Ext. 


1 
Precipitate produced. 


Actaal 
Kecovery. 










lb. 


Cu.% 




100 


8-80 


0-70 


79-0 


8-60 


76-50 


88-6 


100 


810 


0-60 


80-5 


3-80 


74-88 


800 


100 


8-10 


0-88 


71-0 


8-25 


84-78 


[ 88-8 



Some results are given on a separate sheet, which to a great 
•extent explain themselves. The results from the first two filtrates 
•only are given, as these tend to show all the action ; each charge 
got at least four washings, but after the first it was simply a case 
of washing the pulp free of dissolved copper. Washings in the 
leaching tanks were by upward percolation. These washings took 
<30iisiderable time, running into three and four days, and it seemed 
AS if in that time some of the copper was caught and held up by 
the slimes. A quick counter current washing system, or combined 
agitation and replacing system is the proper remedy for that. 

As these results were obtained on ore crushed to approximately 
S mesh, it will be readily appreciated that the s^me class of ore 
crushed to 20 mesh, and subjected to agitation, would give better 
returns in soluble copper; and as for the extra slimes they, as 
already suggested, could be taken care of by quick washing. 

In sixteen charges, totalling 769 lb. copper, the results as calcu- 
lated from heads and tails assays showed an extraction of 77*10 %, 
while the actual copper precipitate produced from these charges was 
964 dry lb., @ 62 % copper, indicated a recovery of 78-60 %. 

The amount of sulphuric acid consumed per lb. of copper, while 
not prohibitive, might be considered high. This, however, would 
be modified to a great extent by adopting a combined electrolytic 
recovery with iron precipitation, the electrolytic method regene- 
rating sulphuric acid to the extent of 1*6 lb. H^SO^ per lb. of copper 
deposited. 



•*> 
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As it hiks been frequently suggested that gold and silver* cannot 
be recovered by leachiog unless tbe ore has had a preliminary roast. 
it might be interesting to note here that by adopting the foregoiug 
direct method of leachiag, with the addition of salt and working oo 
a raw material, gold and silver have been recovered, with (fat 
copp«r at one and the Bame time, when these' metals were present in 
appreciable quantities, Rxtraction varying in different ores and 
OOmpounds from 

1^^ 56 %— 92 % of the coj^r. 

I^K 60 %— 83 % of the silver. 

^V^ 41 %— 75 % of the gold. 

^^KPiecipJtates prodacod have run as high as 

^B^ BH-CS % copper. 

^^K IS9 oz. silver per ton. 

I 1 oz. gold per ton. 

These results were obtained in one direct treatment, the gold and 
silver being precipitated with the copper. 

To come back to even more primitive methods, however, there is 
a possibility of heap leaching attaining as much success in tbe South 
Western States, as it does in Spain and South Anstralia. It was 
long contended that heapleachingcould be saccesaf ally applied onlv 
to heavy sulphide ores. However, more recent practice has shown 
that heap leaching of ores in which the copper may be combined 
with small quantities of iron pyrites in a heavy siliceous gangue can 
bf so treated in piles even up to 20 ft. high, as for example at 
Aznalcollar, near Seville, Spain, one essential being that facilities 
are established for washing with waste ferrous and ferric liquors a.« 
tbese elements help materially in the washing and the leaching of 
such heaps. With this end in view numerous tests have been 
carried out on low-grade ores from New Mexico and Arizona, 
having an average consistency of : 






Uisbee, Aria. .... 1-30 ;GO-70 10-50 i 1-20 12-80 900 
Tyrone, N.Jf 2-Jl ;69'37 '. 5-0 ! — H-G2 ' 3-44 

Tests on 200-lli. lot^ and up to 10-ton lots have proved that by 

ireaiiiiK this low firadc material with waste liquors from a cempot- 

ition plant il j.s possible to extract, by percolation alone, from 30°; to 

■ U.W. Tatent 104S511, Deoeiiibec ai, l'.l|-2. 
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60 % of the Gopper content in three months. In fact, on particularly 
favourable ore, i.e. which has been weathered for some time, an 
extraction of 50 % was obtained in thirty days. A more complete 
extraction is simply a question of due care and time, and even on 
the most refractory ore which we have tried, a conservative estimate 
might be two years for an 80% recovery. Without going into 
details of tramming, heap-building, plant, etc., a general treatment 
charge covering everything even to the cost of iron for precipitation 
will be about $1*00 per ton of ore, so that on low grade material 
containing 25 lb. copper to the ton and on a 75 % recovery with 
copper at even 15 c. per lb. there is plenty of margin to make the 
work remunerative. 

Heaps have been laid out at Tyrone, New Mexico, and at Bisbee, 
Arizona, on the same general line as at Rio Tinto, Tharsis and 
Aznalcollar on prepared floors, with culverts and drains of rock and 
ore, leading to a central settling tank. Precipitation will be partly 
in tanks and partly in canals, which will be all wood. 



*^* Extra Copies of this paper may be obtained, at a nominal charge, 
at the Offices of tlie Institution, 1, Finsbury Circus, London, E,C. 2, 
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Esperimentitl Leacliing Plant, 
Copper Qneen Consolidated Mining Co., Bisbee. Arizona. 
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Note on the Purity of Selected Copper 

made in Oonverters. 

By Henry F. Collins, Member. 

Refxbengb has been made in a former paper '^ to the bottom process 
carried out in converters as practised by the author in Spain, for 
which, however, he can claim no priority, since although evolved 
independently, the same method has been previously employed by 
other metallurgists in Australia. Soon after the outbreak of war 
in 1914, the Huelva Copper Co. was led to employ this method in 
order to save part of the gold contents and to facilitate the utiliza- 
tion of their product in Spain for the making of brass for munitions, 
as well as bronze for coinage and other alloys, without further 
previous refining. It is noteworthy that practically the whole of the 
output produced by this method has been saleable upon the basis of 
Best Selected or at most with a deduction of 11. or 21. from the full 
Best Selected quotation, and as regards freedom from impurities the 
copper is considered as quite of Best Selected quality for the making 
of alloys, particular testimony to this fact having been afforded by 
its utilization for coinage purposes at the Madrid Mint. For rolling, 
the copper is of course unsuitable, on account of gas pores and 
because the slight excess of oxygen renders ic brittle, so that for 
this purpose it must be remelted and * brought to pitch.' 

In order that the copper as cast from the converters may be pure 
enough for brass making, it must be very slightly overblown. The 
operation is, however, one of some delicacy, and great care must be 
taken not to overshoot the exact point, since too much oxygen would 
be injurious to the quality of the resulting brass. The reaction 
between residual combined sulphur and dissolved oxygen is still 
proceeding when the operation is finished, but on account of chill- 
ing, the charge cannot be left in the converter long enough to 
admit of settling down to tranquil fusion. When employing small 
converters holding charges of from 15 to 80 cwt. of copper, no 
difficulty was, however, experienced in pouring direct from the con- 
verter, without serious chilling, into small-sized ingot moulds 
holding about 44 lb. apiece instead of the much larger pigs of 

•Trans, /.M.M., vol. xiiv, 1^15, ^. 4^^. 
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140 to 22011). into which converter copper is ordia&rily cast. Ttu 
ingots are dumped into water tanks tn the ordinary way for Best 
Selected copper, and show the same charao tens tic rose-red colour. 
Their upper surface is, however, marred by blisters arising from the 
expulsion of SO^ upon solidifying, and as already stated, the excess 
oxygen which it is necessary to introdnce in order that the im- 
purities may be sufficiently expelled makes the ingots too brittle 
for rolling. 

In order to show the exceptional freedom from deleterious im- 
purity of the copper produced from very arsenical zincy and leadjr 
ores by the selecting process, two analyses are appended, each of 
which is the average sample of a lot of from 20 to 50 tons and 
represents the average of a large number of charges mixed together. 
Two analyses are also given of the * bottom,' in order to iUustrau 
the extent to which the impurities are separated out. 





Selected Copper. 


Bottom Copper. 


Copper 

Silver 


99-4400 
-0860 

■0015 
■1322 
■0440 
■0150 
■002!) 
■0016 
•0017 
■0860 
■OSHH 
■UO06 
tr. 
■0907 


99-4100 
•1060 
■0010 

■09661 
■0256 i 
■0353 
■0031 
■0012 
■0007 
■0364 
■0253 
-0240 
tr- 
■2348 


96-7800 
•1522 
•0146 
■1680 
•5500 
-0058 
•0045 
-0016 
1-4600 
-1170 
-0890 
-5600 
-0973 


97^9700 
■1724 
-0206 
■2410 


Nickel 

Cobalt 


Arsenic 

Antimony 

Bismuth 

Sulphur . . 


■005S 
-0030 
-0030 


Lead 

Zinc 

Insoluble (slag) ... 
Oxygen and Loss... 


-0370 
■O290 
■0610 
-1302 




100-0000 


100-0000 


100-0000 


lOOOOCO 



If it be desired to sell copper which shall be suitable for rolling. 
drawing and all other commoi-cial purposes, as well as for iho 
making of alloys, it is necessary to pour the contents of the con- 
verters into a reverbevatory refining furnace, in which, aft«r alloiv- 
ing the re.^ctions which are still proceeding at the moment wiien 
the charge is finished to be completed, the charge is 'poled' as 
usual to reduce excess dissolved oxide and bring it to pitch. At the 
works oi the Huelva Co., this additional operation of reverberator)- 
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ling is not undertaken, because the small output of the works 
the very high price of fuel would not justify the extra expense, 
erberatory refining of converter-selected copper is, however, 
ied out at a well-known Australian works, when copper is 
[g handled which is too low in gold and silver contents to 
ify electrolytic refining of the whole of the copper, 
he bulk of the precious metals present (particularly gold) being 
i concentrated into 'bottoms' for electrolytic refining, the 
ected ' copper produced by the remainder of the converter charge 
poled ' and brought to pitch in a reverberatory refining furnace, 
1 which it is cast into ingots of the usual Best Selected type, 
se are known as * fire-refined ' copper, and have been recently 
•gnized by the London Metal Exchange under that title as of 
il quality to Besl Selected. In order to show its purity, the 
>wing analyses may be quoted, each of which represents the 
*age sample of a large lot as shipped. 
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99-6800 

•8890 
•0046 
•0088 

tr. 
tr. 

tr. 
•0006 

tr. 

•0721 . 


99-6000 

•8800 
•0040 
•0040 

tr. 
tr. 
tr. 
tr. 
•0060 

•0670 


99-6200 

•2800 
•0080 


jnic 


•0080 


imony 


tr. 


nuth 

>hur 

tnium and Tellurium 
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tr. 

tr. 

tr. 

•0060 






)luble 

gen by difference . . . 


•0890 




1000000 


1000000 


1000000 



ity in copper, silver and nickel combined : 

99-92 99-93 



99-90 
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The Council welcome communications to assist them in deciding whether the 
qua/iflcations of Candidates for Admission Into the Institution fulfil the require- 
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The Application Forms of Candidates for Membership or Associateship will be 
open for inspection at the Office of the Institution for a period of at least two 
months from the date of the Bulletin in which their applications are announced. 



The following have applied for admission since June 28th, 
1917:— 

To Membebship — 

Fischer, Julius Martin Henrik {FUabusi, Rhodesia). 
Lockhart, Thomas Lamb (Johannesburg, Transvaal), 
Wilson, Archibald Laurence (Eavenswood, North Queemlaml). 

To Associateship — 



Claudet, Frederic Herbert Bontemps {London), 

To Studentship — 

Ellis, Leonard Victor {Dunediny New Zealand), 
Gordon, Hugh Thomas (Dunedin, New Zealand). 
Landreth, Bobert Faulks (Dunediuy New Zealand), 
Scoular, Russell Calvert (Dunediny New Zealand), 

The following have applied for Transfer: — 
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Dorrington, Harold Roy (Wistowy Huntingdon), 
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MOVEMENTS OP MEMBERS. 
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mortmeitts to the Secratarj for Insertion under thie heading, Uembers rliltlug I 
london art requested (o register their addreaset at the House of the ImtHutioB, 
where the Library, Writing Rooms, etc., are el their disposal. 



Mr. A. E. BtsL&KS, Assoc. Inst. M.M., has rBturned to EDglund 
trom West Africa, on leave. 

Mr. W. Lyman Bbowk, M. Inst. M.M., is remaining in Botterdajn 
as Dii'ector in charge of the operations of the Commissioti for Relief 
ia Belgium. 

Mr. M. A. BnuoE, Assoc. Inst. M.M., has returned to England 
from Northern Nigeria, on leave. 

Mr. Zaohaiiiasw Daw, M. Inst. M.M., is returning to England 
fi-om Burma. 

Mr. J. RtEi), Assoc. Inst. M.U., ia still in the Republic of 
(kilomhiii. ami tiot in England as was stated in the June Hiilleiin. 



Stark, M. Inst. II. M., has left EnglaaJ for 



Me. H. \V. TuiistR, 51. Inst. M.M., has been appointed GenersB 
liUiagLTot the Orovi lie Dredging, Ltd. {the American Compai)y)— 

Mr. A. Stanlkv Williams, SI. Inst. M.M., has left England he: 



Ml-. Wu.L.Mi I!. WuKiui, Assoc. Inst. M.M., has iefl Kn-hni' 
for Mi'^vico. 
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?. 479-81. 60c. 

iriom of the basic Bismuth salts. 
Bobeller. — Metallurgical and Chemi- 
(inoering. New York, Vol. 16, May 1{>, 
^ 694-8. 25c. 

&tion of black oxide of Uranium. 
ParsonH. — Journal, Industrial and 
ering Chemistry, New York, Vol. 9, 
?17, pp. 486-7. 60c. 

r in Petroleum Oils. F. Mollwo 
.—Journal, Institution of Petroleum 
>Iogi8t8, London, Vol. 3, April, 1917, 
64. 6«. 

tion of Peat for the production of 
to of Ammonia and of Power, 
ipson. — Canadian Mining Journal, 

0, Vol. 38, April 1, 1917, pp. lCO-1 ; 
1917, pp. 191-2. 15c. 

3tric determination of Sulphur in 

1. T. J. I. Craig.— Chemical News, 
1, Vol. 116, June 1, 1917, pp. 253-6 ; 
, 1917. pp. 266-8. id. 



g Coke Oven Breeze. — Colliery 
an, London, Vol. 118, May 25, 1917, 
•6. &d. 

} Col 11 ery , Forest of Dean , G louoester- 
ind its water difBoulties. {Paper read 
the National AMtoeiation of Colliery 
nr».) J. J. Joynes. — Iron and Coal 
Review, London, Vol. 94, June 15, 
p. 685-6. 6d, 

Wastage. F. S. Peabody.— Bull. No. 
merican Institute of Mining Engi- 
New York, May, 1917, pp. 775-81. $1. 

nical use of Timber in Coal Mines. 
Lee. — Transactions, Institution of 
; Engineers, London, Vol. 53, Part 2, 
, pp. 86-98. 0«. 

o supply to Collieries. G. S. 
. — Transactions, Institution of 
: Engineers, London, Vol. 58, Part 2, 
, pp. 121-34. 6«. 

lines of advance in Coking practice. 
*oxwell.— Journal, Society of Chemi- 
nstry, London, Vol. 36, May 31, 1917, 
•8. 1«. 9d. 



COAL — continued. 

Recovery of Benzol and its homologUM 
from Coal Gas. J. B. Christopher. — 
Colliery Guardian, London, Vol. 113, June 
16, 1917, pp. 1121.3; June 22, 1917, pp. 1167-8. 
6d. 



COPPER. 

Alloys of Chromium, Copper and Nickel. 
D. F. MoFarland and O. B. Harder.— 
Metal Indastry, London, Vol. 10, Jane 8, 
1917. pp. 538-6; June 15, 1917, pp. 660-2; 
June 22, 1917, pp. 582-3. 6d, 

Alloys of Manganese and Copper. J. Scott. 
— Metal Industry, London, vol. 10, June 1, 
1917, pp. 518-14. 5d. 

D. C. Jackling, and the Utah Copper. T. A. 
Biokard.— Mining and Scientific Press, San 
Francisco, Vol. 114, May 5, 1917, pp. 611-24. 
15c. 

Deep Creek, Clifton Copper mining district, 
Utah. A. E. Caster. — Engineering and 
Mining Journal, New York, Vol. 108, May 96, 
1917, pp. 915-90. 156. 

Electric Smelting of Copper Ores. W. 
Dewar. — The Mining Magazine, London, 
Vol. 16, June, 1917, p. 280 ; pp. 288-94. U. 

Engels Copper Mines, Plumas County, 
California. L. H. Eddy.— Engineering and 
Mining Journal, New York, Vol. 108, May 
26. 1917, pp. 927-8. 15c. 

Jerome Copper district, Arizona. A. J. 
Hoskin.— Engineering and Biining Journal, 
New York, Vol. 108, May 19, 19n,PP- 867-70. 
16c. 

Leaching of low-grade Copjper Ores. J. 
Irving. — Engineering and Mining Journal, 
New York, Vol. 108, May 36, 1917, pp. 983-8. 
15c. 

Stoning in the Calumet and Arizona Mines, 
Bisbee, Arizona. Discussion. — Bull, No. 
125, American Institute of Mining Engi- 
neers, New York, May, 1917, pp. 861-4. $1. 



ECONOMICS OF MINING AND 
METALLURGY. 

Amortization and Depreciation. W. P. 
Slceman. — Mining and Scientific Press, 
San Francisco, Vol. 114, May 19, 1917, pp. 
687-90. 15c. 

Coal Wastage. F. S. Peabody.— Bull. No. 
135, American Institute of Mining Engi- 
neers, New York, May, 1917, pp. 776-81. 
$1. 



BUIXBTIN NO. 164. 



INDEX OF RECENT PAPERS— eontmtMd. 



40MICS OP MINING AND 
^LLU RG Y— eontimufi. 

Jackling, and the Utah Copper. 

Rickard. — Mining and Scientiflo 
San Francisco, Vol. 114, May 5, 1917, 
L-24. 15<;. 

Perkins, and the cost of Mining. 
Rickard. — Mining and Scientific 
San Francisco, Vol. 114, May 19, 
)p. 691-8. 15c. 

J and legal phases of the smoke 
m. L. Johnson. — Ball. No. 126, 
can lustitate of Mining Engineers, 
ork. May, 1917, pp. 898-906. $1. 

rial Mining Schools in Nevada. 
Lincoln. Mining and Scientific 
San Francisco, Vol. 114, May 6, 1917, 
't-6. 16tf. 

System. — The Mining Magazine, 
n. Vol. 16, Jane, 1917, pp. 281-3. la. 

; problems on the Band. H. Foster 
-Mining and Scientific Press, San 
Isco, Vol. 114, May 26, 1917, pp. 727-83. 

Mining Economics. G. A. Denny. — 
bl, South African Institation of Engl- 
Johannesburg, Vol. 15, April, 1917, 
1-234 ; May, 1917, pp. 265-74. 2«. 

ing an erratic orebody. L. A. 
IS.— Mining and Scientific Press, San 
SCO. Vol. 114, May 26, 1917, pp. 724-6. 



ing large low-gprade orebodies. — 
; and Scientific Press, San Francisco, 
4, May 26, 1917, pp. 719-20. 15<;. 

is (Miners' Phthisis) in rats in a 
tersrand Mine. J. P. Johnson. — 
1, Chemical, Metallurgical and Min- 
iiety of South Africa, Johannesburg, 
, March, 1917, pp. 150-7 ; April, 1917, 
-6. 2». 

•yt the Chamber of Mines of Western 
lia. — Journal, Chamber of Mines of 
n AuKtralia, Kalgoorlie, Vol. 16, 
ury 28, 1917, pp. 5-9. 2<. 6d. 



.OGY, MINERALOGY, ORE 
»SITS. 

>phic Theory : a contribution to the 
of the mechanica of Oil and Gas 
dlation. Discussion. — Bull. No. 126, 
:an Institute of Mining Engineers, 
ork. May, 1917, pp. 871-91. $1. 

8 of Asbestos and Asbestiform 
lis. Discnssion. — Bull. No. 126, 
;an Institute of Mining Engineers, 
ork. May, 1917, pp. 825-7. $1. 

itic Segregation and Ore Genesis, 
ingewald, Janr. — Mining and Sden- 
ess, San Francisco, Vol. 114, May 26, 
p. 788-6. 15c, 



GEOLOGY, MINERALOGY, ORE 
DEPOSITS— eonMiiMd. 

New Silicate of Lead and Zino. P. A. 
van der Menlen.— Ball. No. 186, American 
Institute of Minhig Engineers, New York, 
May, 1917, pp. 788-6. $1. 

Notes on the subject of Geological Mapping. 
S. Lister James. — Journal, Institution of 
Petroleum Technologists, London, Vol. 8, 
February, 1917, pp. 138-6L 6«. 

Petrography as an aid to Flotation. D. G. 
Campbell.— Engineering and Mining Jour- 
nal, New York, Vol. 108, May 26, 1917, pp. 
929-81. 15c. 



GOLD. 

Charters Towers Goldfield, Queensland. 
J. H. Reid. — Queensland Government 
Mining Journal, Brisbane, Vol. 18, April 16, 
1917. pp. 166-76. 6d. 

Kirkland Lake Gold district, Ontario. 
G. C. Bateman. — Mining and Scientiflo 
Press, San Francisco, Vol. 114, May 13, 
1917, pp. 667-62. 16e. 

Mining problems on the Rand. H. Foster 
Bain. — Mining and Scientific Press, San 
Francisco, Vol. 114, May 26, 1917, pp. 727-89. 
16e. 

Rand Mining Economics. G. A. Denny .~ 
Journal, South African Institution of Engi- 
neers, Johannesburg, Vol. 16, April, 1917, 
pp. 180-224 ; May, 1917, pp. 266-74. 2«. 

Righting a wrecked Gold Dredge. L. H. 
Eddy.— Engineering and Mining Joamal, 
New York, Vol. 103, May 13, 1917, pp. 819-33. 
16e. 

Three big American Gold Dredges. — The 
Mining Magazine, London, Vol. 16, June, 
1917, pp. 396-9. Ifl. 

Treatment of Pilgrims' Rest ore. R. 
Lindsay.— Journal, Chemical, Metallurgical 
and Mining Society of South Africa, Johan- 
nesburg, Vol. 17, April, 1917, pp. 166-78. 2«. 

Wheeler Grinding Pans and Tube Mills at 
the Great Boulder Perseverance Gk>ld Mine, 
Kalgoorlie, Western Australia. The late 
W. R. Cloutman.— The Mining Magazine, 
London, Vol. 16, June, 1917, pp. 800-4. U. 



IRON. 

Iron Ores of the Forest of Dean. R. M. 
Kendrick. — Iron and Coal Trades Review, 
London, Vol. 94, May 26, 1917, p. 608. 6d. 

Pre-heated Blast Cupola. J. A. Parsons.— 
Journal, South African Institution of Engi- 
neers, Johannesburg, May, 1917, pp. 280-1. 
2$. 



BULLETIN NO. 151. 



8 



INDEX OF RECENT PAPERS-^continued, 



AND ZINC. 

triBtic Zinc deposits of North 
F. L. Nason. — Bull. No. 125, 
Q Institute of Mining Engineers, 
k, May, 1917. pp. 799-824. $1. 

Sine Mill, Webb City, Missoari. 
alsifer. — Ball. No. 125, American 
of Mining Engineers, New York, 
7, pp. 787-97. $1. 

cace of Lead and Zinc. P. A. van 
lien. — Ball. No. 125, American 
of Mining Engineers, New York, 
7, pp. 788-5. $1. 

^roccFs at Broken Hill. W. E. 
. — Mining and Scientific Press, 
ncisco. Vol. 114, May 26, 1917, pp. 
Se. 

ck - Pattinson process. W. E. 
. — Bull. No. 125, American Insti- 
[ining Engineers, New York, May, 
749-74. $1. 

)rk8 Pottery. £. M. Johnson. — 
gioal and Chemical Engineering, 
k, Vol. 16, May 1, 1917. pp. 475-8. 



^LURGY (General). 

Furnace for high temperatures. 
?ahrenwald. — Metailurgical and 
1 Engineering, New York, Vol. 16, 
L917, pp. 565-6. 25«. 

rs of Metallurgical progress. F. A. 
). — Alining and Scientific Press, 
•ncisco, Vol. 114, May 12, 1917, 
15«. 

and legal phases of the smoke 
L. Johnson. — Bull. No. 125, 
n Institute of Mining Engineers, 
k. May, 1917, pp. 893-906. $1 

)rocess at Broken Hill. W. E. 
. — Mining and Scientific Press, 
mcisco, Vol. 114, May 26, 1917, 
. 15«. 



MILLING & CONCENTRATION. 

Beneficial efTect of grinding with Steel 
Balls for Flotation. V. Zaohert.— Milling 
and Scientific Press, San Francisco, Vol. 
114. May 12, 1917, pp. 663-4. 15e. 

Cascade Flotation Machine. C.R. Wilfley. 
— Engineering and Mining Journal, New 
York. Vol. 108, May 19, 1917, pp. 871-8. 16e. 

Petrography as an aid to Flotation. D. Q. 
Campbell. — Engineering and Mining Jour- 
nal. New York. Vol. 108, May 26, 1917, 
pp. ^29-81. 15c. 

Theory of Ore Flotation. H. P. Curliss 
and C. L. Perkins. — Journal, Industrial and 
Engineering Chemistry, New York, Vol.9, 
May, 1917, pp. 481-8. 60e. 

Wheeler Grinding Pans and Tube Mills at 
the Great Boulder PerseyeranceGold Mine, 
Kalgoorlie, Western Australia. The late 
W. R. Cloutman. — The Mining Magazine* 
London, Vol. 16, June, 1917, pp. 800-4. 1«. 



MINING (General). 

Dust preycntion in mines. A. C. Whittome 
and J. H. Veasey.— Journal, South African 
Institution of Engineers, Jobanncsbarg, 
Vol. 15. May, 1917, pp. 285-45. 2». 

Handling of Sinking Pumps. W. V. De 
Camp.— Engineering and Mining Journal, 
New York, Vol. 103, May 12, 1917, pp. 
845-6. 15c. 

Mining Industry of Japan. T- Watanabe. 
—Mining Journal, London, Vol. 117. June 2, 
1917, pp. 345-7. 6d. 

Recent developments of the Whiting hoist 
as applied to Deep Winding. Discussion. — 
Journal, South African Institution of Engi- 
neers, Johannesburg, Vol. 15, May. 1917» 
pp. 259-65. 2». 

Stoping in the Calumet and Arizona Mines, 
Bisbee, Arizona. Discussion.— Boll. No. 
125, American Institute of Mining Engi- 
neers, New York, May, 1917. pp. 861-4. tl. 



ed Blast Cupola. J. A. Parsons.— 

South African Institution of Engi- 

Dhannesburg, May, 1917, pp. 230-1. 



jlt Electric Fnmace. {Paper read 
American Electro- Chemical Soc iety . ) 
>m Bauer. — Metallurgical and 
1 Engineering, New York, Vol. 16. 
L917, pp. 580-1. 25c. 

ck • Pattinson process. W. E. 
.—Bull. No. 125, American Insti- 
[ining Engineers, New York, May, 
749-74. $1. 



MINOR METALS. 

Alloys of Chromium, Copper and NiokeK 

D. F. McFarland and O. E. Harder.— 
Metal Industry, London, Vol. 10, Jane 8, 
1917, pp. 683-6: June 15. 1917, pp. 660-2; 
June 22, 1917, pp. 682-3. 6d. 

Alloys of Manganese and Copper. J. Seott. 
—Metal Industry, London, VoL 10, Jane 1. 
1917, pp. 518-14. 6d. 

Aluminium : its use in the motor industry. 

E. Carey Hill.— Metal Indastry, London,. 
Vol. 10, Juno 22, 1917, pp. 67S4$. 6d. 
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.ND POWER— eonlinued. 

ttation Machine. C. B. Wilfley. 
ng and Mining Journal, New 
03, May 19, 1917, pp. 871-8. 15c. 



nes vs. Steam Turbines for Mine 
ts. Discussion. — Bull. No. 125, 
nstitatc of Mining Engineers, 
tf ay, 1917, pp. 865.70. $1. 



id drill steel for metal mining. 
An. — Engineering and Mining 
w York, Vol. 103, May 12, 1917, 
15c. 



ply to Collieries. Q. S. Corlett. 
ions. Institution of Mining 
Liondon, Vol. 53, Part 2, 1916-17, 



PLANT AND POW ER—eontinued, 

Horsley and Nioholson Automatic com- 
pound syphon. Q. R. Nicholson. — Trans- 
actions, Institution of Mining Engineers, 
London, Vol. 58. Part 2, 1916-17, pp. 99-107. 
6«. 

Recent deyelopracnts of the Whiting hoist 
as applied to Deep Winding. Discussion. 
— Journal, Sonth African Institution of 
Engineers, Johannesburg, Vol. 16, May, 
1917, pp. 259-65. 2«. 

Three big American Gold Dredges. — The 
Mining Magazine, London, Vol. 16, June, 
1917, pp. 295-9. 1«. 

Utilization of Peat for the production of 
Sulphate of Ammonia and of Power. L. 
Simpson.— Canadian Mining Journal, To- 
ronto, Vol. 88, April 1, 1917, pp. 160-1; May 1, 
1917, pp. 191-2. 15c. 
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MILITARY SERVICE. 
SUPPLEMENTARY LIST. 



The following have been notified since the isiue of the latt Bulletin, . 
June 28th, 1917 : 

MEMBERS 8ERVINQ WITH H.M. FOROE8. 

Albu, C. a., Boyal Engineers, (2nd Lieut.). 

BuBOBss, Chas. a., Chinese Labour Corps, (2nd Lieut.). 

Caibns, J. M., General List, (Lieut.). 

Glen, Alexandeb, Boyal Engineers, (2nd Lieut.). 

JoMES, J. Eyams, Boyal Engineers, (Lieut.). 

McLeod, B. H. H., Boyal Flying Corps, (2nd Lieut.). 

Mitchell- WiTHEBs, W. C, Honourable Artillery Co., (Sergeant). 

Phillips, S. F., Cape Corps, (Lieut.). 

Webkes, a. B. (No particulan) , 

PBOMOTIONS OB OTHEB CHANGES. 

Daee, N. F., M.C, Boyal Field Artillery, (Captain). Awarded Bar to Military 
Crott. 

GiLBEBT, T. W., Boyal Garrison Artillery, (Lieut.). 

Gbeatwood, H., Boyal Field Artillery, (Lieut.). 

Hamnat, H., King's Own Scottish Borderers, (Captain), (attached to Koyal 
Engineers). Awarded the Military Crou, 

Hawobth, a., Army Service Corps, (M.T.). 

Kellbtt, a. G. Beid, South Wales Borderers, (Pioneers), (Major). 

NissEN, P. N., D.S.O., Boyal Engineers, (Lieut.-Col.). 

Pitt, C. H., Boyal Engineers, (Captain). Awarded tlie Military Cross. 

Syhe, G. a., M.C, Boyal Engineers, (Major). Awarded the D.S.O. 

Tulloch, Ewam, M.C, Boyal Engineers, (Major). Awarded the D S.O, 

KILLED IN ACTION. 

Hemby Noel Gbut, AssociaU, 2nd Lieut., Boyal Engineers. (On May 27th, 
1917.) 
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CANDIDATES FOR ADMISSION. 

The Council welcome communlcatlone to esaiit them In deciding whether the 
queJIflcatlons of Cendldatee for Admission Into the Institution fulfil the require- 
ments of the By-Laws, 

The Application Forms of Candidates for Membership or Assoclateship will be 
open for inspection at the Office of the Institution for a period of at least two 
months from the date of the Bulletin in which their applications are announced. 

The following have applied for admission since July 26tb, 
1917:— 

To Studentship — 

Hawkey, Wilfred Alwyn {Lanreath, Cornwall). 
Bout, Dina Bandhu (Chota Nagpiir, India). 

The following have applied for Transfer: — 

To Mbmbebship — 

Diok-Cleland, Archibald Felie {B.E.F.). 
Entwistle, Albert Lucas (Ottawa^ Canada). 
Venables, Harry Leonard {Oruroy Bolivia). 

To ASSOCUTESHIP — 

Bidge, Cecil Harold (f^ondon). 



NEW MEMBERS. 

The following have been elected (subject to compliance with the 
conditions of the By-Laws) since July 26th, 1917 :— 

To Membership — 

Caddick, Arthur James (Rio TintOf Spain). 

Scott, Frederick Bowes {Salmon Arm, British Columbia). 

To ASSOCIATSSHIP— 

Cramer, D wight Lewis (Tavoy, Lower Burma). 

Daddow, Samuel {Shamva, Southern Rhodesia). 

Graham, Harry Woodthorpe (B.E.F,). 

Hill, John Whitelaw {Naragut^^ Northern Nigeria). 

Lawn, Herbert (Dalton-in-Furness, Lancashire). 

Banco, Bernard (Mogokj Upper Burma). 

Soar, Vincent Douglas {B.E.F.). 

Ward; Arthur Thomas {Rancagua^ ChiUy 



N£W MEMBEKS— COnCinunf. 
To STUBBJtTaHIF— 

Dempster, Ian Macka; {Si. Ivtt, Coi-nwall). 

I EIHh, Leonard Victor {HaneJin, New Zealand). 

* Gordon, Hugh Thama§ {Duntdin, .Vcw Zealand). 
flriffith, Stanley Vincent {Camhorne, (^nwall). 
Lanilretb, Robert Fuulke (Durtedin, N*ic Ztaltaul). 
Eanger, John Owborn (li.K.F.). 
Scoulur, Biisaoll Cftlvort [Uunrdifi, AVir y.^alun-l). 
Waddell, Jaiiies RoUorl (Umiimi). 
Yipp, George Wing (l.'ambunie, C-rnwalt). 



M 



The following have been tmnsterred ■ — 

AsBOCIATESHtP — 

.Blandford, Stanley Charles Hcmper (Cur 
Jonea, Edward Oswald {n.K.F.). 
Phimraer, Benjaniin Douglas (li.F^.F.). 
Bichards, James Foster {B.E.K). 
Sollera, William George (London). 



MOVEMENTS OF MEMBERS. 

tlembers af the Institution are invited to send information in regard to (**"' 
moremei'ls to llie Secretary lor insertion under this heading, Uembers riut'H 
London are requested to register tlieir addresses el the House of the Instiliit'f: 
inhere the Library. Writing Hooms, etc., are al their disposal. 

Mr. P. St. Jobs Dixon, Assoc. Inst. M.M., has been appoint*^ 
Chief Surveyor of the Dome Mines, Porcupine, Oni., Canada. 

Mr. Chahi.k.s C. Scott, M. Inst. M.M., haa returned to EnglaDii 
from the Straits Bettlementu. 

Mr. E. 0. H. Spenck, Assoc. Inst. M.M., has left England on hii 
return to British Guiana. 

Mr. Wai.tkr J. STANFOan, M. Inst. M.M., is returnius to Engliuia 
from Siberia. 

Mr. D. A. TnoMPsw, Assoc. Inst. M.NI., h;is tuft En?hinJ 
on his return to West Africa. 

Mr. S. S. Wrnn-BowKN, Assoc. Inst. M.M., luis r«.'tur]K"l i" 
England from Northern NiKeria, on leavt^. 



ADDRESSES LOST. 

F. B. Bradsbaw and U. i^ichoUs. 



BULLKTIN NO. 155. 



INDBX OF RECENT BOOKS. 



)TE,'-Books marked with an asterisk are contained in the Library of the Institution. 



k^STRACTS OF CURRENT DECISIONS ON MiNES AND MiNINO, MaT TO AUGUST, 

1916. J. W. Thompson. Washington, D.C. : United States Bureau of 
Mines. 

Bibliography of recent literature on the Flotation of Orbs, January 
TO June, 1916. D. A. Lyon and others. Washington, D.C. : United 
States Bureau of Mines. 

last Furnace Construction in America. J. E. Johnson, Junr. New Tork : 
McGraw-Hill Book Co. 94. 

Bucket Dredging for Tin in the Federated Malay States. H. D. Griffiths. 
London : The Mining Magazine. 5«. 

Department of Mines and Geology, Mysore State. Records, Vol. XV, 
1916. Part I — Annual Report for the year 1915-1916. Bangalore : Mysore 
Department of Mines and Geology. 1 rupee. 

EsTADisTicA Minera DEL pERcj EN 1915. C. P. Jiminsz. Lima: Cuerpo de 
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CANDIDATES FOR ADMISSION. 

The Council welcome communications to assist them In deciding whether the 
qualifications of Candidates for Admission Into the Institution fulfil the require- 
ments of the By-Laws, 

The Application Forms of Candidates for Membership or Assoclateship will be 
open for Inspection at the Office of the Institution for a period of at least two 
months from the date of the Bulletin In which their applications are announced. 

The following have applied for admission into the Institution 
since August 28rd, 1917: — 

To ASSOCIATESHIP 

Fynes-Clinton, Geoffrey De-Berdt {Charters Towers, Queensland). 
Wood, Louis Albert {f^ondon). 

The following have applied for Transfer : — 

To Membership — 

Edwards, Edwin {London). 

To AssociATEsrap — 

Bruce, Christopher Yule {B.E.F.). 
Jordan, Cecil Ernest {Tavotj, Burma), 



MOVEMENTS OF MEMBERS. 

Members of the Institution are invited to send Information in regard to their 
movements to the Secretary for Insertion under this heading. Members visiting 
London are requested to register their addresses at the House of the Institution, 
where the Library, Writing Rooms, etc., are at their disposal. 

Mr. C. G. Labsen, Stud. Inst. M.M., has left Norway for New- 
foundland. 

Mr. A. RosEWARNE, Assoc. Inst. M.M., has returned to England 
from a trip to Peru. 

Mr. Thomas P. Sharman, M. Inst. M.M., has left Ontario on a 
visit to Western Canada. 

Mr. R. A. Wade, Assoc. Inst. M.M., is with the Aeronautical 
Inspection Department at Filton, Bristol. 

Mr. A. B. Watson, Assoc. Inst. M.M., has left England for 
Northern Nigeria. 



ADDRESSES LOST. 
F. B. Bradshaw and D. Nicholas. 



4 THE INSTITUTION OF lONINO AND XBTAIXUBGT. 

INDEX OF RECENT BOOKS. 

MOTE.-- Books marked with an asterisk are contained In the Library of the Instituthn 

*AvALTSE8 or Coals purchased by the Uiotbd States GoyBBHxsNT dubixo thi 
TEABs 1908 TO 1915. G. S. Pope. Washington, D.C. : United Ststes 
Bureau of Mines. 

* Analytical distillation of Petbolecm. W. F. Bittman and E. W. Dean. 
Washington, D.C. : United States Bureau of Mines. 

•Asphyxiation from Blast Furnagb Gas. F. H. Willcox. Washington, D.C: 
United States Bureau of Mines. 

'Combustion in the Fuel-bed of Hand-fibed Furnaces. H. Kreisinger, F, E. 
Ovitz and C. E. Augustine. Washington, D.C. : United States Boiean of 
Mines. 

*Geoix>oy and Mineral Besoubces of the Beefton Subditibion, New Zealand. 
J. Henderson. Wellington : New Zealand Geological Survey. 5«. 

•Limits of Inflammability of Mixtures of Mine Gases and of Industrial Gasis 
WITH AiB. G. A. Burrell and A. W. Gauger. Washington, D.C. : United 
States Bureau of Mines. 

•Metal Mike Accidents in the United States dubino 1915. A. H. Faj. 
Washington, D.C. : United States Bureau of Biines. 

•Methods of tkstiko Natural Gas fob Gasoline Content. Q. A. Burrell and 
G. W. Jones. Washington, D.C. : United States Bureau of Mines. 

•Molybdenum : its orbs and their concentration. F. W. Horton. Washing- 
ton, D.C. : United States Bureau of Mines. 

•Ontario Bureau of Mines : Twknty-fifth Kkport for the year 1916. Parts 
I, II and 111. Toronto: Ontario Bureau of Mines. 

•Operating dktails of Om^ Produckbs. R. H. Femald. Washington, D.C. : 
United States Bureau of Mines. 

•Qxyoex Mine Bescce Apparatcs and Physiolooical Effects on Usees. 
Y. Henderson and J. W. Paul). Washington, D.C. : United States Bureaa 
of Mines. 

•Physical and Chemical Propkrtif..s of Gasolines sold in the United State 
during 1916. W. F. Bittman, W. A. Jacobs and E. W. Dean. Washing- 
ton, D.C. : United States Bureau of Mines. 

•Principles and Practice of Sampling Metallic Metallurgical Materials. 
E. Keller. Washington, D.C. : United States Bureau of Mines. 

•Prospecting and Mining of Copper Ore at Santa Bita, New Mexico. D. F. 
Macdonald and C Enzian. Washington, D.C: United States Bureau of 

Mines. 

•Befixing and Utilization of Georgia Kaolins. I. E. Sproat. Washington, 
D.C. : United States Bureau of Mines. 

•Bhodkkia Chamber of Mines : Twenty-second Annual Report fob the year 
1916. Bulawajo : Bhodesia Chamber of Mines. 

•Sani>stone Quarrying in the United States. 0. Bowles. Washington, D.C. : 
United States Bureau of Mines. 

•Suggested Safety Buleb for installing and using Electrical Equipmeniin 
Bituminous Coal Mines. H. H. Clark and C. M. Means. Washington, 
D.C. : United States Bureau of Mines. 

Timber Framing. H. H. Dewell. San Francisco: Dewey Publishing Co. $2. 

•Tungsten deposits of Esrexvale, Umzinowane district, Bhodesia. A. E. V. 
Zealiej. Bulawayo : Southeviv "RYxoOitaVo. OwiVo\r,\a»A. Sutyey. 
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New York, August, 1917, pp. 
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South Australian Copper ores, 
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3 of Synthetic Nitrates by 
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of Chemical Industry, London, 
81, 1917, pp. 771-7. lJ.9d. 
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D. Jenkins. — Bull. No. 1^, 
QStitute of Mining Engineers, 
LUgust, 1917, pp. 1181-5. $1. 

9 on Crude Bensols. P. E. 
&nd O. C. Petrie. — Journal, 
Chemical Industry, London, 
81, 1917, pp. 881-6. 1«. 9d. 

nd Analyzing Zinc ores and 
r. H. Hastings. — Engineering 
Journal, New York, Vol. 104, 
, pp. 168-5. \be. 

Ammonia and tbe oxidation of 
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I. 86, July 31, 1917, pp. 777-82. 



ine of industrial gaseous fuel, 
ering. — Journal, Society of 
dastry, London, Vol. 80, July 
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COKL0-~eontin%ud. 

Coal Gas as a fuel for melting non-ferrous 
alloys. O. B. B-rtok.— Journal, Institute 
of Metals, London, Vol. 17, 1917 (i), pp. 
171-84. 21«. 

Contribution to the Micro-Petrology of 
Coal. G. Hickling. — Transactions, Insti- 
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Essais de Lavage des Charbons, Note snr 
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Higher training of Colliery Managers. 
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Industrial fuel from Gas Works. E. W. 
Smith.— Journal, Society ef Chemical In- 
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Metal melting by means of hieh-pressure 

Sas. CM. Walter.— Journal, Institute of 
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Natal Coalfields. W. T. Heslop.— Journal, 
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Observations on Crude Bencols. P. E. 
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Society of Chemical Industry, London, 
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Society of Chemical Industry, London, 
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Stone Dusting in Collieries. Observations 
on the properties and characteristics of 
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Kerr.— Transactions, Institution of Mining 
Engineers, London, Vol. 58, 1916-17, pp. 
182-99. 6t. 

Mill-tests r«. Hand-sampling In valuing 
mines. M. Webber.— Mining and Soientlflc 
Press, San Francisoo, Vol. 116, July 28, 1917, 
pp. 126-9. 15e. 

Milling costs at the Inspiration and Bunker 
Hill plants.— Engineering and Mining Jour- 
nal, New York, Vol. 104, July 21, 1917, pp. 
182-8. 160. 

Outlook for Iron and Steel on the Paoiflo 
Coast. E. A. Hersam. — Mining and Soien- 
tiflo Press, San Francisco, Vol. 116, July 98, 
1917, p. 112 ; pp. 117-22. I60. 

Patent Law Beform. Discussion.— Journal, 
Society of Chemical Industry, London, 
Vol. 86, July 81, 1917, pp. 806-10. Is. M. 

Band Mining Economics. Discussion. — 
Journal, South African Institution of Engi- 
neers, Johannesburg, Vol. 15, July, 1917, 
pp. 800-10. 2a. 

Sampling and Analysing Zinc ores and pro- 
ducts. J. H. Hastings. — Engineering and 
Mining Journal, New York, Vol.104, July 98, 
1917, pp. 168-5. I60. 

Sampling large low-grade orebodies.— 
Mining and Soientlflc Press, San Francisoo, 
Vol. 116, July 28, 1917, pp. 118-14; pp. 115-16. 
150. 



GEOLOGY, MINERALOGY, ORB 
DEPOSITS. 

Contribution to the Micro-Petrology of Coal. 
Q. Hlckllng.— Transactions, Institution of 
Mining Engineers, London, Vol. 68, 1916-17, 
pp. 187-68. 6t. 

Economic resources of British Columbia. 
J. F. Unstead. — Geographical Journal, 
London, Vol. 60, August, 1917, pp. 126-46. 
2$, 

Forests of the Coal Age. D. H. Soott.— 
Iron and Coal Trades Bevlew, London, 
Vol. 95, August 8, 1917, pp. 109-10. 8d. 

Funnel and AntioUnal-Blng structure, 
associated with Igneous Intrusion In the 
Mexican Oilflelds. V. B. Garflas and H. J. 
Hawley.— Bull. No. 128, American Instltate 
of Mining Engineers, New York, August, 
1917, pp. U47-59. $1. 



r 



i 



1 



I 






BULLETIN NO. 156. 



INDEX OF RECENT PAPERS— conttnueif. 



GEOLOGY. MINERALOGY, ORE 
D BP08ITS— eoMlimMd. 

Geologic etraotore in the Gashing Oil and 
Gas field, Oklahoma. C. H. Beal.— Boll. 
No. lifi, American Institute of Mining 
Engineers, New York, Aagnst, 1917, pp. 
110112. $1. 

Geology of the Forest of Dean. T. Groom. 
—Iron and Coal Trades Review, London, 
Vol. 95, Joly 90, 1917, p. 61 ; August 8, 1917, 
p. 118. 8d. 

Geology of Kingston and rioinity, Ontario. 
M. B. Baker.— Ontario Bureau of Mines, 
Toronto, Twenty-fifth Report, 1916, Pt. Ill, 
pp.1'71. 

Geosynolines and Petroliferous deposits. 
M. Daly.— Bull. No. 198, American Institute 
of Mining Engineers, New York, August, 
1917, pp. 118646. $1. 

Granite in Kansas wells. P. Wright.— 
Bull. No. 128, American Institute of Mining 
Engineers, New York, August, 1917, pp. 
1118-90. $1. 

Laterite : its origin, structure an^ minerals. 
J. Morrow Campbell. — The Mining Maga- 
sine, London, vol. 17, August, 1917, pp. 
68-4; 67-77. Is. 

Magmatic Ore Segregation. J. A. Dresser. 
Mining and Scientific Press, San Francisco, 
Vol. 115, July 7, 1917, p. 7. 150. 

Microscopic study of Silver ores and their 
associated minerals. F. N. Guild.— Econo- 
mic Geology, Lancaster, Pa., Vol. 12, June, 
1917, pp. ^-858. 50e. 

Ore Deposition and Enrichment at Engels 
Copper Bline, Plumas County, California. 
C. F. Tolman, Junr.— Economic Geology, 
Lancaster, Pa., Vol. 12, June, 1917, pp. 
879-86. 50e. 

Study of certain minerals from Cobalt, 
Ontario. H. V. Ellsworth.— Ontario Bureau 
of Mines, Toronto, Twenty-fifth Report, 
1916, Pt. I, pp. 20048. 



GOLD. 

Boston Creek Gold Area, Ontario. A. G. 
Barrows and P. E. Hopkins. — Ontario 
Bureau of BCines, Toronto, Twenty-fifth 
Report, 1916, Pt. I, pp. 244-50. 

Charters Towers Goldfield, Queensland. 
J. H. Reid. — Queensland Government 
Mining Journal, Brisbane, Vol. 18, Jane 16, 
1917, pp. 278-85. 6d. 

Experiments in the recovery of Tungsten 
and Gold in the Murray district, Idaho. 
R. R. Goodrich and N. E. Helden.— Bull. 
No. 128, American Institute of Mining 
Engineers, New York, August, 1917, pp. 
U78-80. $1. 

Goodfirh Lake Gold Area, Ontario. A. G. 
Burrows and P. E. Hopkins. — Ontario 
Bureau of Mines, Toronto, Twenty-fifth 
Report, 1916, Part I, pp. 260-8. 



GOLD— eofUinuid, 

Kowkash Gold Area, Ontario. P. E. 
Hopkins.- Ontario Bureau of Mines, To- 
ronto, Twenty-fifth Report, 1916, Pt. I, pp. 
264-74. 

New Minnie Mozham Gold Mine, North- 
cote, Queensland. E. C. Saint-Smith. — 
Queensland Government Mining Joarnal, 
Brisbane, Vol. 18, June 15, 1917, pp. 269-72. 
6d. 

Presence de I'or dans les conglomerats 
triasioues de Catalogue, La. N. D^gontin. 
—Bulletin, Soci^t^ de 1 'Industrie Minerals, 
St. Etienne, Pt. IV, 1916, pp. 277-99. 10/r. 

Rand Mining Economics. Discussion. — 
Journal, South African Institution of Engi- 
neers, Johannesburg, Vol. 15, July, 1917, 
pp. 809-10. 2«. 

Tom Reed Gold Mill, Oatman, Arizona. 
H. P. Flint. — Engineering and Mining 
Journal, New York, Vol. 104, July 14, 1917, 
pp. 67-9. 15e. 

Treatment of Pilgrims' Rest ore. Dis- 
cussion. — Journal, Chemical, Metallurgical 
and Mining Society of South Africa, Johan- 
nesburg, Vol. 17. May, 1917, pp. 189-90. 2«. 



IRON. 

Iron deposits of Hunter Island, Rainy 
River district, Ontario. A. L. Parsons. — 
Ontario Bureau of Mines, Toronto, Twenty- 
fifth Report, 1916, Pt. I, pp. 163-91. 

Laterite : its origin, structure and minerals. 
J. Morrow Campbell.— The Mining Maga- 
zine, London, vol. 17, August, 1917, pp. 
68-4; 67-77. l4. 

Outlook for Iron and Steel on the Pacific 
Coast. E. A. Hersam. — Mining and Scien- 
tific Press, San Francisco, Vol. 116, July 28, 
1917, p. 112 ; pp. 117-22. 15e. 

Perran Iron Lode, Cornwall. — The Mining 
Magazine, London, Vol. 17, August, 1917, 
pp. 54-6. 1«. 

Prospecting an Iron ore property. J. F. K. 
Brown.— Engineering and Mining Journal, 
New York, Vol. 104, July 21, 1917, pp. 118-16. 
15e. 

Pyritic deposits near Roros, Norway. H. 
Ries and R. B. Somers. — Bull. No. 128, 
American Institute of Mining Engineers, 
New York, August, 1917, pp. 1068-78. $1. 

Superheating of Slags and Metals, during 
Refining, Smelting and Alloying operations. 
J. E. Fletcher.— Journal, Society of Chemi- 
cal Industry, London, Vol. 86, July 81, 1917, 
pp. 796-801. l4.9d. 



LEAD AND ZINC. 
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MILITARY SERVICE. 



SUPPLEMENTARY LISTS. 



The following have been notified since the issue of the last Bulletin, 
August aSrd, 1917: 

MEMBERS SERVING WITH H.M. FORCES. 

Tavsbnbb, L., Boyal Naval Volunteer Keserve, (Sub. -Lieut.). 

PROMOTIONS OR OTHER CHANGES. 

Pabtbidoe, S. C, Royal Engineers, (2nd Lieut.). 

QuATLE- Dickson, E. J., Royal Engineers, (Captain). Awanhd the Militanj Ciu.<s. 

WoAKBS, RusiiKLLB., Q.V.O. kSappers and Miners, (Lieut. Indian Army Reserve 
of Officers). Awarded the Military Cross. 

KILLED IN AOTiON. 

Chables Russbll Cuajtvzt, Studentf '2nd Lieut., Manchester Regimtiii. (In 
March, 1917,) 

Qbbabd Owen Ltdekkbb, Student, Lieut., Bedfordshire Regiment. (Died at 
Alexandria on June 14th, 1917, of tropical disease.) 

Fbank Reminoton Prettman, Student, 2nd Lieut., Royal Engineers. {On 
July 4th, 1917.) 
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CONTRIBUTED BEMARKS TO THE DISCUSSION 

ON 

' Hydraulic Tin Mininsr in Swaziland.' 

By J. J. Garrard, Member. 

Mp. T. R. a. Windeatt : The efficiency figures given by Mr. 
Garrard are extremely interesting, particularly as they are not the 
results of isolated tests, but are the averages taken over a period of 
twelve months. 

In Table I, I have tabulated the details of a test which I made 
over the month of September, 1912, of an open throat hydraulic 
elevator then in use on Tekka, Ltd., in the Federated Malay States. 
To facilitate comparison between this test and that conducted by 
Mr. Garrard I have included his figures in the table. 

The results are remarkably similar to those obtained by Mr. 
Garrard, but the low lift elevator has the higher efficiency. 

Since 1912, many attempts have been made to improve on the 
type of elevator then in use, but, although the cost of th^ wearing 
parts has been much reduced, only a slight improvement in 
efficiency has been obtained. 

The type of elevator used in the test (Table I) is almost 
identical in outline to the elevator shown in the diagram on p. 17 
of the paper. 

Gravel Pumiys, — The allowance made in the formula for obtain- 
ing the gravel pump efficiency requires further explanation. In a 
note (p. 19) Mr. Garrard states that : — * 86 % is allowed for electrical 
transformation and transmission losses from the head box of power 
plant to current put into motors at pumps.' 

If by the power at * head box * the power in the water at the 
Pelton wheel is meant, then the allowance of 85% does not appear 
to be sufficient. 

In a plant of this description the losses would probably be not less 
than : — 

Pelton wheel 20*0% 

Generator 8-0 

Step up transformers 2*6 

Step down transformers 2-5 „ 

Transmission line 12*0 ,, 

Motor 10-0 „ 

Total losses 55*0 % 

Taking the above figures as being correct, the allowance in the. 






■s J- J. oarrard: hydraulic tin mining im swazilako. 

formula for losses will then be 46%, making the overall efficiency 
of the gravel pumping plant 2a-76% inatead of 28-1 %. 

If the efficiency (E) in the formula represents the m«chanic4i 
efficiency of the motor and pump, it is unnecessary to introi3uceany 
factor for electrical loaaes, as the actual number of units consumed 
was recorded by a. wattmeter on the barge. The mecbanieal 
efficiency of the motor and pump from the figures given is 48'28%. 

Oh tbG other band, if 35 % is the electrical loss, then 28- 1 "„ does 
not give the overall efficiency, because the Pelton wheel losses have , 
not boon considered ; this figure, therefore, cannot be fairly com- I 
pare<l with the elevator efficiency of lfi'68 %, 

The following details of the gravel pumping plant at Heawood 
Tin Mine (Federated Mftlay States) may be of interest. ' 




I'iaiiram shonimj in-raiififment of mHallalion (i,lny, 1917),— Pips 
supplying monitors iuid wheel are not shown. 

The plnnt consists of two monitors and an H-in. gravel pump 
which is driven with a long belt by a Pelton wheel. 

The material is elevated into a two-compartment sluice box. The 
Pelton wheel in above the .sluice box, aud the discharge water i-j u^ed 
for ' cloanii]g up' (the boxes are streamed down on separat.' days), 
and also to assist in the sluicing when the two coinpartiaent^ are 
running at the same time 

l''itfH n'liaL-tii7.<i of wheel 24 in.; nozzle, controlled by 
needle valve, masimum size Ijt in. 

Fj]^il}re li,-nd.~'rhc f;anj;e pressure was 220 lb. per sq. in,. Ihe 
nonzle UAns fi ft. in. above the gaii.L,'*;. 

Effective bend = 508-6 ft. in. = 501-5 or say 500 ft, 

(.'"oniii;; nf val-'r I'.v/, — Measurements were taken at a rectan- 
i;u!nr \\(-\\\ 20 in. wide, at the discharge of the wheel. Depth o! 
waler tl.nvin^- ovit w.'ir = 5^ in. 

guantiiy of wiuor (from tallies) =4-C7 x ■20 = 03-40 cub. ft. per mm. 
Theoretical hp, ^ -ei^d,t.^f water (IM^x^c^lIec^^ 

_ m-\(\y. G1--'>x 500 
~ 53000" 



= 68-44 



CONTRIBUTED REMARKS. B 

The gravel pump lifts the water and solids from two 2-in. monitors 
at B5 lb. pressure and also 20 cub. ft. per min. (estd.) of seepage 
water. 

Monitors. — Nozzles 2 — 2 in. 

Pressures each 65 lb. per sq. in. 

Eftective Head 150 ft. 

Discharge 2 x 120-9 = 241-8 cub. ft. per min. 

Seepage 20 do. do. 

Total water raised 261-8 do. do. 

Yardage cut (by monthly 
survey) 18000-0 cub. yd. 

The ground treated is a soft clay soil containing^ about 50 % sand. 
9-67 cub. ft. of water per min. are required to break down 1 cub. 
yd. of ground per hour. 

Gravel Pump, — Size 8 in. 

Speed 482 rev. per min. 

H= Height lifted in feet 45-7 ft. 

Q = Cub. yd. per month (solids) 18,000-0 cub. yd. 

G = Cub. yd. per hour (solids) 25-0 „ 

S = Cub. ft. per min. (solids) 55*5 cub. ft. 

W= Cub. ft. per min. of water lifted (2 — 2 in. 
monitors at 65 lb. -I- 20 cub. ft. seepage = 
120-9 X 2 + 20) 261-8 cub. ft. 

T = Theoretical hp. (Pelton wheel 98-40 cub. ft. 

per min. at 600 ft. (effective head) 88*44 hp. 

P = Brake hp. (at 75 % efficiency) 66-88 hp. 

„ ^ . , , , work done II (62-8 W + 100 S) 

Overall efficiency of plant = - orkipi^ied = T x 88000 

H (6 2'B W - f 45 G ) 
"" T x 83000 

4^-7 (62-3 X 261-8 4- 45 x 25) 
^ '"88-44x33060 

796785-90 
- 2918520 - ''''^^^ - ^^-^^ - 

Mechanical efficiency of gravel pump including long belt drive 
(efficiency of Pelton wheel estimated at 75 %), 

97. QO 

M.E. = rj^ = 86-40%. 

In Table II the foregoing test has been tabulated with the test of 
the gravel pumping plant at King's Flat, Swaziland. 
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Sw&EUand. 


Tekka. LuJ. 


Height of lift 


28-8 ft. 


B2-0ft. 


Solids, cub. yd. per monlb 


17,670-0 cub. yd. 


18,000-0 cub. yd. 


„ cub. yd. perboiir... 


24-4 cub. yd. 


18-05ciib.ya. 


„ cub. ft. per miii. ... 


10-98 cub. ft. 


B-12cub.ft. 


Monitor, iiozule diam 


2-77 in. 


20 in. 


„ effective head ... 


1270 ft. 


820-0 ft. 


discharge, cub. ft. 








212-8 oub. ft 


177-0 obK ft 


fiet-page and extra water... 


14-0 cub. ft. 




ToIhI monitor and seepage 






wfitt. liftt.,1 


22C-3 cub. tt. 


177'0eiii).f:. 


Useful work done, ft. lb. 








854,07»-0ft. lb. 


734,024-0 tt. lb. 
I2'0in. 


Eievfttor, upraise pipe 


120 in. 


„ no7.'/Ae diani. in. 


!t'47in. 


2-0 in. 


(broat diam. in. 


6-5 in. 


5-0 iu- 


effective head ... 


127-0 ft. 


335 -0 fi. 


noKzle diBcharge, 








380-4 cub. tt. 


282-6 cub. ft' 


Ft. lb. per inin. required 






torwork 


2,164,271'0 


4,804,7320 


Elliciency 


16-.'38 % 


lo-2S"., 


Proportion by weight, 






solids to water lifted ... 


7-70 ■;i 


7'37% 


Proportion by weight. 






solids to water, iDchul- 






inff t-Ievator water 


:i-IT ■ , 


2-il ■. 


Ralinnnifttoeffectivchead 


I , .^■l.') 


1 , r,-W 
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Comparative Effigienct op Gravel Pumping Plants. 



Table IL 



Swaziland. 



Heawood Tin. 



Height of lift 

Solids lifted, cub. yd. per 

month 

Solids lifted, cub. yd. per 

hour 

Solids lifted, cub. ft. per 

min 

Water lifted, cub. ft. per 

min 

Work done in lifting solids 

and water, ft. lb. per 

min. r 

Power, electric units con- 
sumed 

Power, theoretical power at 

Pelton jet 

Power, brake hp. consumed 
Ft. lb. per min. required 

for work 

Mechanical efficiency of 

gravel pump 

Overall efficiency of plant 
Percentage by weight, 

solids to water lifted ... 



40-2 ft. 
17,710-0 cub. yd, 
24-6 cub. yd. 
11 -07 cub. ft. 
225-7 cub. ft. 

609,7580 ft. lb. 

81-89 units 

77-77 hp.* 
42-75 bhp. 

2,666,410-0 ft. lb. 

48-28 % 
23-76 % 

7-87 % 



46-7 ft. 
18,0000 cub. yd, 
25*0 cub. vd, 
11-25 cub. ft. 
261-8 cub. ft. 

796,785-7 ft. lb. 



88-44 hp. 
66-88 bhp.t 

2,918,520-0 ft. lb. 

86-40%; 
27-80 % 

6-90 % 



* Estimating 45 % loss between Pelton jet and wattmeter on barge. 
t Estimating efficiency of Pelton wheel, which was not running at the 
maximum speed, at 75 %, 
I Including long belt drjve. 

Oeneral, — The foregoing figures show that a gravel pump 
driven with a belt by a Pelton wheel will have an efficiency of 
27 % ; when water power is converted into electricity the gravel 
pumping plant efficiency will be 23 %. At least 15 % efficiency 
may be expected from a hydraulic elevator. 

The actual system installed will depend, among other things, 
upon the configuration of the ground and the quantity and situa- 
tion of the water supply. 



—It woulil be interesting to know if monitors manu- 
factured bjr tbe Peltou Wheel Co. have been tried in Sw&ziland, 
&nd if so what advnntage Mr. West's moaitoT has over that type, 
which is used iilmost universaUy in thia district. 

Krrori.—ln the gravel pamp formula (p. 20) 81-87 shonld to 
31-89. On p. 12 the sluice box at Sttible Creok is said to bavet 
gradient of I : 30, in Appeodix B this is given us 1 : 2S. 

In conclusion I wish to express my appreciation ol Mr. Garrard'l 
paper, which is a most complete description of a well arranged 
hydraulic mine. It cannot fail to be a moet useful work of refw- 
ence to hydraulic mining engiDoers. My thanka are due to Hi, 
A, H. Coombes for details of Heawood Tio Mine, and aiso to 
Messrs. Osborne & Chappel for allowing me to publish theresullr 
of the foregoing tests. 
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AUTHOR'S REPLY TO DISCUSSION 

ON 

' The Eoonomlo Qeology of the Inslzwa Range.' 

By W. H. GooDCHiLD, Member. 

Mp. W. H. Goodohlld: Dr. du Toit's remarks naturally 
demand first consideration owing to his intimate knowledge of the 
geology of the district, he, in fact, heing the only one of my critics 
who has had the opportunity of studying the facts in the field upon 
which my interpretation of the phenomena is based. 

Summarily, Dr. du Toit confirms my principal deductions bearing 
on the specific economic aspects of the occurrences, his confirmation 
of the distribution of the picrite differentiate and its origin by 
differentiation in place being in the most unequivocal terms. His 
point of difference as to the origin of the basin shape has no local 
economic significance, the basin shape being a matter of fact, not of 
theory. In its larger aspects, however, this origin of the basin shape 
is of interest to the general theory of economic geology. I do not 
wish to minimize the force of the arguments urged by Dr. du Toit 
against my conception as to the partially unconsolidated state of the 
sediments at the time of magmatic invasion. In a general sense 
their validity is beyond question. 

There are, however, certain unusual factors that have to be con- 
sidered in connection with these particular sediments, and it was 
these that led me to suggest a mode of origin of the basin shape and 
the other peculiarities of form and relationship presented by the 
intrusions, that would probably not apply to an ordinary marine 
mud buried under such a weight of material. Now, one of the most 
important essential differences between an unconsoliclated mud and 
a shale is the almost de-hydrated character of the latter. 

The question of * sufficient time * urged by Dr. du Toit is beside 
the point if tbe local conditions have not during that particular 
time interval favoured de-hyd ration. The de-hydrating power of 
saline solutions and their power of coagulating colloids are among 
the commonplaces of chemistry. Per contra, the absence of its 
usual coagulating agents from a mud is a condition that entirely 
alters the whole complexion of the consolidation problem. Many 
muds appear to have been consolidated without the intervention of 
the pressures usually predicated as necessary; but, on the other 
hand, the coagulating power of electrolytes represents a force or 
system of forces of enormous magnitude. The particular sediments 
in which these basin-shaped intrusions occur hag^pen to have been 
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deposited in water eilraordiaaril; free from the electrolj^tes that 
oommonly appear to play an important part in mud consolidattoo. 
These aspects of the problem seem to bave escaped Dr. du Toit's 
notice, as well as that of Measri;. Crook and Morrow Campbell. The 
Karroo muds as a whole seem to have been consolidated by pqueezing, 
and were consolidated at the time of igneous intrusion : but where 
an euormoUE are» is squeezed, and the water ie pressed out a3 from 
a spon(;;e, there is no difticulty In conceinng limited areas into 
which water may have even been pressed in rather than pressed out, 
so that in the absence of the chemical dehydrating coagulating 
factor there seems no greater ditSciilty In the way of a deep-seated 
porous clay than in the artesian conception of the water-lo^ng of 
deeply-buried sandstones and similar sediments in certain speciat- 
situation.'^. 

As I understand the problem the almost complete absence ol. 
sagging in the sense of a bending of the s t rati ti cation is precisely 
what is to 1>G expected by vertically compressing a more or leaa 
porous mass. The alternative hypothesis advanced by Dr. du Toil, 
namely : penetration along a curved crack, is merely begginc; tha 
problem of the cause of curvature that it was my endeavour to 
solve. In the absence of any collateral evidence of bow such 
conveniently situated and regularly curved cracks originated in 
strata that were uudisturlwd and, as Dr. du Toit says, 'have 
escaped tangcntiiil pressuri',' the only kind of pressure likely to 
initiate such curved enicks, the riurvoy explanation is to my raiml 
of a lii<,'!i]y artificial and unconvincing nature. 

I wish to take this opportunity of expressing my indebtedness to 
Dr. du Toit's fine work on the topography and general geology ci 
the district. It formed the groundwork of my more detailed in 
vestigation of the economic aspects of the occurrence, which for 
various reasons he does not seem to have been in a position in 
examine with the thoroughness essential for the purposes of 
practical mining. 

Thi> point here raised goes to the root of our pre-ient system ol 
State ii.'idogical Survey po«vr.s ;iud iirgaiiiziition. Dr. du Toil 
iip])eiir.-i H) have bt'cu dtibaL'i-eil from Collecting systematically much 
(lE ibiit information thiit ji mining engineer rocognines ns esseiiiial 
tc. lb,, elloctive unaersiuiiding o£ llie economic aspect of m. 
diposiis. The autli<:r l.,4iev.s iluit it would he in tile best intere.si- 
bothof the Stall- aU'l .lie uiiniiig industry it the Slit le geolo-iC:ii 
surveyors wore allowed fuller scop' tor the collection of dam. r„r 
th(se reasoiH, but certainly ni)l in iiny seii^' of depreciation of 
J)r. du Toil's work, I caunot agive with Mr. Crook in bis view il,;i; 
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the Survey monograph on the district can be accepted as a ' good 
account of the . . . economic geology of the Insizwa Range.' 
Such a view seems to me to illustrate an academic detachment from 
those intensely practical issues that are, or should be, implied in 
the qualification ' economic ' to geologic studies. 

Mr. Crook states that the theory of ore concentration by gravita- 
tiye descent implies that the magma was injected in a homogeneous 
fluid state. This is not so, for a considerable degree of hetero- 
geneity is obviously possible, and in this instance probable. As 
regards the 'warping' of the shale beds, which he says I assume, 
it was clearly stated both by Dr. du Toit and myself that the 
characteristic of the sills in the district is invasion without disturb- 
ance of the horizontality of the strata. 

This also answers Mr. Morrow Campbell's query as to the variation 
in habit of occurrence from that described as laccolitic. The great 
and fundamental criterion of a laccolite, as distinguished from the 
phacolite and other injections of similar form, is that it is accom- 
panied by folding of the encasing strata produced by the act of 
injection. This feature is absent, consequently the injections differ 
from laccolites on the most essential point in their definition, and 
Mr. Campbell's further reference to the convex form of the lower 
side of a laccolite has consequently no specific bearing on the 
problem of these peculiar undulatory sheets. The absence of any- 
thing ' like a regular increase in basicity towards the floor of the 
sill ' that in Mr. Crook's view is ' too serious to favour the theory of 
differentiation from a magma injected in a homogeneous condition,' 
is one of the strongest pieces of evidence in favour of that theory 
as will be obvious to anybody who has ever watched and considered 
the settlement of a precipitate in a fluid bath ; moreover, one finds 
the complementary consolidated magma from which the olivine 
crystals were precipitated situated on top of the range and over 
the picrite, that is to say, precisely in the position to be expected if 
the differentiation were effected in situ by the sinking of the early- 
formed and heavy olivines in the fluid. Analytical and manufac- 
turing chemistry would, I fear, be horrible and almost impossible 
operations in many instances if we could not get a better separation 
between a precipitate and a liquid than is implied in a ' continuous 
variation ' in the composition and constitution of a partially fluid 
mixture. 

While it may seem * possible that the picrite may have been 
injected at a later stage than the main mass of the sill,' this is a 
most improbable theory, if one duly considers the positions of the 
norites, which Mr. Crook does not appear to have done. I agree 
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with Mr, Crook that the picrito layer might have been affected by 
inovemtint during the Inter stuges oE consalidnttuD. I go further, 
and produce evidence in my paper that it vas moved to some extent 
in plitcGs, nor ilu I imagine that invasion and injectiou o( thu magma 
a^ a whole occurred in one short act, and that this ia the meanini^ 
of the flow banding iu the picrite 500 ft. above the base of the sill, 
my 'open admission ' that ?eems to have somewhat disconcerted 
Mr. Crook, though T can assure him 1 have uo admissions on the 
problems of the Inxiiswa geology that I do not desire to make just 
U9 openly if it will help to elucidate the truth. That the meta- 
motpbism of the Hudimenta implies burial at some coDsiderable 
depth I agree : at the same time it is worth pointing out that on th« 
whole the nietamorphism diminisbea with depth, and is more pro- 
nounced at the upper surface of the sill, thus indicating that it ia 
intervention of vapours rather than the pressure supposed by 
Mr, Crook that promotes the metumorphiRm. 

Mr. Crook seems to have missed my points altogether in regard 
to the micrograuiten and the sulphide stringers. Fluxing of tha 
snlphides iu the sense he supposes is not part of the theory whieh 
I presented, but on the contrary the petrographic I'.vidence ^tx?. to 
show that tbe sulphides were never ' untluxed ' so to apeak, bat 
were simply squeezed out in tbe fluid ytati^ froui Iho mineralized 
zone into the closely adjacent contact li.ssures, one of iht- com- 
monest and simplest operations in the whole range of maginatic 
mechanisms. Similarly, witit tlio micrograiiitcs, wholesale melting 
of the hornitonus certainly did not take place. Interstitial nielt- 
iiij^ of some of tin? more easily fused constituents close to the 
contact during the period when the magma was exerting ' its full 
thtrmal elTecl ' is the view I put forward, imd thi.s seems to be 
reasonable and <iuite in keeping with tbe ciiiTCUt views of our 
leadiDj,' petroloijists as to the approxiiu<i,te cijuilibrium that must 
exist lietwuen solid rock and fused ma;;;ma in the contact regions 
<if those gri'iiC iiiU'i'eiiistal magma reservoirs that are supposed to 
furnish the snpplie.; for igucons injectionfj. lieing acid these fluids 
would con-oli.liiit; later tluui tlii' gabbroid rock and wonhi be v.^ry 
iiliely to }«■ s.|iu..'/,ed into contact fissures that were Ci-rtainly 
fiiniieii at tompiUMtively high temperaturti.-i. 

Mr. Collins says • he cannot nnilerstand ' how acid niicropegma- 
titc could be a uioro fusible material than a basic rock such as 
gabbro. .\s .Mr. Collins then proceeds to lay it down so emphatic- 
ally that, • Jt could not possibly 1r',' no ar!;oments of mine seem 
likely to convince him. I would suggest to him, therefore, to .siudy 
an ordinary textbook of geology where he will find how Nature 
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does the impossible,' and that his assertion directly traverses 
certain elementary and well established principles of geology. 

Mr. Morrow Campbell says that a highly basic rock intruded 
slowly into a zone of acid sediments would * undoubtedly assimi- 
late much of the latter.* Most geologists who have studied basic 
injections into acid rocks seem to suffer from something more than 
doubts on this point. Dr. du Toit, for instance, says in this discus- 
sion that * nowhere from over an immense region riddled with sills 
and dykes has any evidence been forthcoming of any assimilatioD 
of sediments by the Karroo dolerites or by the gabbros.* The 
basicity of a magma has little to do with its assimilating or with 
its metamorphic power. These seem to depend rather on the 
action of volatile substances that may or may not be present in a 
magma, than on the proportion of acid to base in the invading 
magma. 

The points raised by Mr. Campbell re semi-diameter and photo- 
micrographs are, I think, too trivial to warrant the use of much 
space to reply to in war time. This alleged * importance ' being to 
my mind somewhat imaginary. The latter was an oversight in 
proof reading, that is of particularly common occurrence in petro- 
graphic literature. 

Prof. Cole agrees with me that there is no difficulty in 
accepting the view that the argillaceous rocks were by no means 
so compact at the time of igneous intrusion as my other critics 
insist. In connection with the acid ilake-like veins he confesses be 
has nowhere seen evidence of flake-like veins formed by the infilling 
of shrinkage-fissures in an igneous mass near its margin. 

Whether the fissures are to be considered as true shrinkage 
fissures is to my mind an open question, but these 'acid dykes' 
reminded me of the peculiar * glauch ' or barren veins at Nagyag, 
Transylvania, which appear to be inflows of slush with rock frag- 
ments from the encasing sediments. The parallelism with Insizwa 
in regard to the sediments and the basin-like form of the Nagyag 
intrusion, though it is wrongly represented as a broad pipe in most 
textbooks, as later work has shown, suggested to me that these 
dike-like masses might be a mimic of the more usual modes of 
occurrence and formation to which Prof. Cole evidently refers. 
An examination of the collateral evidence seemed to confirm this 
view, but as I too confess in my paper, I cannot regard the available 
evidence as conclusive for either hypothesis. I gladly accept Prof. 
Cole's timely correction in regard to the term ' hornfels.' 

By all means let us relegate to oblivion such terms as * hornfels/ 
* grauwaeke,* and a host of others of much more modern origin, such 
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aa • rang,' ' sobrang,' 'norm,' ' lointfmlogriipliy,' anJ Ihe coufusing 
ftrmj of terminological horrors that aerve rather to hamper clear 
simple thinking than to advance natural Icnowledge. 

The only estenunting circumstances I can plead for my use of tie 
term borotels is that my honoured tutor, the late Prof, Judd, used 
tfais term in days gouft by, when we do not seem to have been m 
particnlar in asserting our peculiar nationiil aptitude and pre- 
eminence as thinkers in the domain ot geologic science. 

In Tfi'bj to Mr. Treanilha-Jam'f, there are no serious engineetinp 
difficulties in proving the deposits bs, owing to their position io 
regard to the general topographical features of the district, ftdil 
driving, coupled with diamond drilling below the floor of the adit-S 
solves the problem. My estimate oC the expectation is set forth in 
the paper. Costs I am not at liberty to give beyond the genernl 
Bialetnent that thoy would bo small in comparison with the 
exiKictation. 

/» rrply to tlif I'rtaitlrnt, the distance from the Insizwa to the 
nearest point in the Drackensburg is roughly 50 miles, but I am not 
ntiOiciently familiar with the Draokenshurg to discuss its geological 
relations with the Insizwa. I think it very probable that tbo 
deposits of the Insizwa are by no means unique in this part of Soutb 
Africa, and that to my mind is one ot the important points from tlie 
economic side in connection with these researches whose particular 
object it was to assess the prospects of the occurrence of hidden 
ort- deposits in the district : a kind of investigation that is unfortu- 
nately only rarely done scientifically, but one that makes specially 
exacting calls on the observational and deductive powers of the 
minin;,' geologist. Whatever the Insizwa may be it is certainly a 
monumental example of bow vast amounts of capital have been, 
and are continually being thrown away in the mining industry, 
ill so-c^vUed "practical prospecting' that could easily be conserved 
l)v t:LkLnL,' itdvjuitage of modern geological methods of studyiu" 
mineral occurrences. 

Prof. Coleman, Prof, Gregory and Mr. Crook discuss thi- 
|ianLlltlisiii licHvecn the lusi/.wa deposits and those at Sudbury. 

I'lof. ColemiiJi, who Las such an intimate knowledge of thf 
tSudliiiiy d^■^^o^lls. is confideni that my interpretation of the 
Iiisi/.wa as an example ot ore accumulation by gravitative desteni. 
is ijuite right. I'rnf. fJregorv is equally confident it i,-; lyiHf 
vvroiij,', and puts forward his own theory. Mr. Crook leans towards 
i'lof. Coliiiuin'," view of the Siidliury deposits because he doe.s iiiit 
lliiiik thf -iei^iulnvly iidver;,e evidence is suflicicntly strong to ovtr- 
ilirow It. thuiiL^h he hin no positive explanation to offer of iln' 
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real significance of that evidence. Prof. Golemao staunchly re- 
affirms his view and states his reasons for rejecting the ' harmon- 
izing* theory promulgated by Profs. G. F. Tolman and A. F. 
Rogers as the result of their recently conducted careful and 
illuminating microscopic studies. 

I fully realized at the time my paper was written that, without a 
convincing solution of the Sudbury problem, the interpretation of 
the Insizwa I have given would be open to the same controversy, 
and in consequence its economic value and reliability as a weapon 
for assessing prospective values and guiding mining operations 
would be questioned. 

In order to rectify this position I have since made a very 
careful study of the Sudbury occurrences, as set forth in the 
literature, particularly as regards the peculiar, and at first sight, 
disconnected array of facts that hitherto have not been satisfactorily 
explained. The Insizwa is a simpler affair as regards its details 
than Sudbury, and the evidence there in regard to the smelting 
hypothesis is of such a pronounced kind as to strike a metallur(:;i.st 
with irresistible force. The hypothesis not only explains the larger 
features, but many pf the details, in so definite a way that it cannot 
be lightly disregarded as a practical working hypothesis and 
supplanted by such airy speculations as those promulgated by 
Prof. Gregory which, when it comes to the point of applying 
his theory to practical mining details, are so uselessly indetinite 
that they really explain nothing in particular. 

Profs. Tolman and Rogers admit in their paper that they 
cannot explain the * acid extracts ' at Sudbury, which arise as an 
integral part of the ore-forming process. Let anyone examine 
their theory from the viewpoint of guiding mining operations 
underground and it will be found useless. Their supposed process 
cannot be definitely pictured in the mind, in itself a weighty 
objection to the theory, much le^s applied as a practical under- 
ground working hypothesis. Taking the Insizwa evidence and 
comparing it with the Sudbury, and noting the points of similarity 
and difference, led me to the preliminary conclusion that the matte 
smelting hypothesis was by far the most probable, but that the 
natural matte differed chemically in some way from the ariiiicial 
products of the human metallurgist and so gave rise to a number 
of side reactions and physical effects during the consolidation 
process that nobody had hitherto been able to fathom. 

Space will not permit me to give in any great detail the very com- 
plete solution of the Sudbury problem that I have worked out by 
applying physico-chemical methods of analysis to the geological 
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tivIdQiice. The bald outline of some of the more salient featara 
may be sammed up as follows: — When matte Bmelting is done 
under pressure in silicate melta containing email quantities of H,0, 
such as the natural rock magmas, the matte which separates con- 
tains quantities of dissolved H,S that vary in amount according to 
certain principles. In this respect, as well as in certain others, the 
matte differs from ordinary dry smelted artificial matte. On con- 
solidation the sulphur of this dissolved H,S is eonverteii iato 
metallic sulphide by reacting with iron oxide in the basic silicates 
in snob a case as Sudbury. Thus some of the silicates are chemi- 
cally broken up by the sulphide consolidation, and there is wi 
tncreasB in roliiiiu and quantity of the sulphides at the expense ot 
silicates taking place after the main silicate consolidation, gi^'ing 
rise inevitably to silicate replacement. The hydrogen of the fijS 
becomes oxidized to water by means of the oxygen liberated from 
the iron oxide on its conversion to pyrrhotito, thus giving rise to thai 
local appearance of hydrotliermal alteration, including horn bleudiea- 
tion, that led the earlier investigators of the Sudbury occurrenera 
to suppose that the ores bad been introduced by aqueous solutions. 

Abstr<icting base, FeO in the Budb'iry instance, from basic sili- 
cates necessarily leaves acid residues, the so-called acid extracts. 
There are certain other pxpansions of the sulphides, the approsi- 
mate magnitudes of which can be calculated so that this very 
definite and succinct physico-chemical explanation of the knotty 
points tliat have been urged so strongly against the smelting hypo- 
thesis not only confirms it, but explains also how it conies about 
that the matte is apt to be forced out of the eruptive into the 
adjoining country, a feature that is illustrated very clearly in the 
sulphide stringers at Insizwa and on a much grander scale in the 
offset deposits at Sudbury. 

One result, therefore, of studying the economic geology of the 
liisizwa Range in a reasonably thorough way has been to 
effectually lay at rest one of the greatest and most perplexing 
controversies of modern economic geology, 

I hope ere Ioii<* to be able to publish a much fuller account of 
the physical chemistry and wider geological significance of the 
processes brieliy outlined above. 

Perhaps the most noteworthy and generally significant feature 
is that the difference between the Sudbuiy phenomena and those 
presenteil by ordinary matte smelting operations, as conducted by 
metallurgists, arises primarily from the presence of the small 
quantities ot water that are present in Nature's slags, but are absent 
from the artificial sings of the giiieltcr, 
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It is the little drop of water in the natural magmas that makes 
all the difference, on account of the various side reactions that it 
sets up. The solution of the Sudbury problem thus paves the v>&y 
for the solution of a whole host of problems the world over^ 
connected with the derivation of ore deposits from igneous magmas, 
which are the proximate sources of the great bulk of the world's 
metal supply. I have, therefore, followed up these preliminary 
researches with results of wide interest. It appears th&t flotation 
of gassed matte, followed by its * self-bessemerization * in the 
adjoining country, is one of the most important combination of 
processes in the derivation of ore deposits from such acid magmas- 
as gpranite; while in basic magmas the matte — which it is easy 
to show is not so highly gassed — gets carried down by the over- 
whelming swarm of sinking basic silicate crystals, as at Sudbury, 
Insizwa and elsewhere, 

Now, iron is present in all rock magmas, and a metallurgist 
knows that all the ordinary common metals can be smelted out as 
sulphides on an iron matte basis as well as the noble metals gold 
and silver. The meaning of the common occurrence of pyrites, 
which is iron matte saturated with additional sulphur along with 
gold, silver, and the base metals in deposits derived from igneous 
magmas, comes into view, and there are strong chemical grounds 
for believing that in the case of lead and zinc these metals tend to 
get separated at the last from iron matte that originally collected 
them. Curiously enough, the deposits so concentrated in the 
magma generally present the appearance of having been formed by 
aqueous agencies or solutions, an illusion largely arising from the 
conversion of H^S and other hydrogen compounds to HgO in the 
manner so clearly illustrated at Sudbury. With certain modifica- 
tions arising out of the specific dififerences between oxides and 
sulphides, it appears that oxide ore deposits of many metals are 
smelted out on similar lines. 

A second result of these studies arising from an attempt to solve 
the Insizwa geological problems, and one of very wide interest, 
is therefore to throw light on the processes that have been operative 
in the formation of many deposits of iron, chrome, tin, titanium 
oxides, and possibly wolfram, as well as gold and silver deposits 
and those of the sulphides of copper, lead, zinc, etc., also tellurides, 
arsenites, etc. In general it may be stated that by supplementing 
the usual methods of geological research by these physico-chemical 
methods, the economic value of the microscopic investigation of 
ore deposits is enormously increased, for by its aid one can read off, 
so to speak, the chemistry of what has been taking place at any 
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ficular point in an ore deposit, and ao by taking a sufficieal 
Vumbef of obsenatione, get an aDal)-sis of its history in detail j 
« E&mpling and assaying enable one to estimate the variations and 
I average metallic contents of the ores. 

Lastly, by this complete solution of the Insizwa problem it 
t'RppearG more probable than ever that the expectation of enricb- 
nent in depth of the minerahxed zone is well founded. 
Insizwa thus stands as probably the best mining prospect for a 
I teatly serious supply of platinum at present known within the 
I precincts of the British Empire, a metal for which we are almost 
^aotirely dependent on foreign sources of supply. 
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